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CHAPTER I .  
CONSISTENCY IN NATURAL RESOURCE POLICY ANALYSIS 
Analys is  o f  cur rent  so i l  and water  resource po l icy  most  
o f ten invo lves severa l  models  (or  systems o f  models)  each o f  
which have been bu i l t  up to  d i f fer ing aggregat ion leve ls  and 
behaviora l  spec i f icat ion.  The complex i ty  o f  the ind iv idual  
models  combined wi th  the s t r ingent  condi t ions needed for  exact  
aggregat ion resu l t  in  the use o f  in-exact  behaviora l  
correspondences and incons is tent  aggregators  between the var ious 
models .  The resource economists  invo lved in  the po l icy  analys is  
exerc ises are then faced wi th  a rea l  concern over  in termode I  
cons is tency o f  resu l ts .  Th is  s tudy u t i l i zes publ ished 
aggregat ion theorems and theoret ica l  model  examples to  g ive some 
model  development  gu ide l ines for  min imiz ing the cons is tency 
prob1 em. 
The analy t ica l  requi rements o f  cur rent  po l icy  analys is  are 
such that  a sor t  o f  "push-pul l "  compet i t ion ex is ts  between the 
reg ional  par t ia l  equi l ibr ium and nat ional  par t ia l  or  fu l l  
equi l ibr ium models  which are commonly  used together  in  the 
analys is .  The resource endowments o f  a  nat ion are h igh ly  
reg ional  spec i f ic .  Pol ic ies,  e i ther  nat ional  or  reg ional  in  
or ig inat ion,  a lso tend to  be reg ional ly  spec i f ic .  Hence,  the 
need for  reg ional  deta i l  and the capaci ty  const ra in ts  assoc ia ted 
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with t ry ing to  inc lude everyth ing in  a s ing le  nat ional  model  
d ic ta te  the use o f  ind iv idual  reg ional  models .  
However ,  nat ional  analys is  is  a lso needed s ince the 
consequences o f  resource po l ic ies are nat ional  in  scope.  
Product ion in  any or  a l l  reg ions generates externa l i t ies ,  both 
pecuniary  and technolog ica l ,  which move across reg ional  
boundar ies.  For  example,  sedimentat ion is  readi ly  t ranspor ted 
across nat ional  boundar ies and food chemica l  res idues are 
consumed nat ionwide regard less of  reg ion of  or ig inat ion.  Factor  
and commodi ty  markets  are l inked across reg ions and current  
government  programs have t ied resource and commodi ty  po l ic ies 
together .  A nat ional  spat ia l  equi l ibr ium model ing f ramework is  
requi red to  account  for  these externa l i t ies .  
Development  o f  one large model  which inc ludes both reg ional  
deta i l  and nat ional  spat ia l  equi l ibr ium character is t ics  is  too 
cost ly  to  be feas ib le .  Develop ing l inked or  un l inked reg ional  
models  and us ing them as a  system is  a lso not  feas ib le  s ince 
convergence to  a cons is tent  nat ional  set  o f  so lu t ions is  
proh ib i t ive ly  expensive i f  not  imposs ib le .  These const ra in ts  to  
model ing capaci ty  have resu l ted in  the use o f  var ious pract ica l  
aggregat ion,  decomposi t ion and h ierarch ica l  model ing methods 
which are known to  be incons is tent ,  yet  hopefu l ly ,  good 
approx imat ions o f  an ideal  model .  A c r i t ica l  rev iew of  these 
approx imat ion methods is  g iven as par t  o f  th is  s tudy.  
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The analy t ica l  const ra in ts  d iscussed above have lead to  
d i f ferent  models  be ing used together  for  the same po l icy  analys is  
e f for t .  I t  is  des i rab le  that  these models  g ive resu l ts  as 
cons is tent  wi th  each o ther  as poss ib le .  Par t ia l  cons is tency is  
achievable by analy t ica l ly  so lv ing for  in termode 1 behav iora l  
correspondences and by the appropr ia te  choice o f  aggregat ion 
methods.  Var ious approx imat ion methods for  aggregat ion have been 
found,  some o f  which do bet ter  in  cer ta in  s i tuat ions.  
Hierarch ica l  and o ther  systems model ing developments have 
at tempted to  bu i ld  on these approx imate methods.  However ,  
incons is tency has remained an impor tant  issue.  
As w i l l  be rev iewed in  th is  paper ,  cons is tent  aggregat ion,  
whether  i t  be in  a pr ice index,  for  a product ion funct ion or  in  
cost  funct ions,  requi res homothot ic i ty  o f  the aggregator  except  
for  cases o f  spec ia l ized funct ional  forms not  eas i ly  incorporated 
or  s imulated in  the type of  sector  programming models  s tud ied 
here.  Though homothet ic i ty  is  def ined la ter  in  the paper  an 
example o f  i ts  impl icat ions is  g iven here.  
Suppose two models ,  one conta in ing severa l  reg ions for  each 
reg ion of  the other  and suppose the commodi ty  pr ices for  the more 
aggregated model  are taken to  be the average marg ina l  product ion 
costs  across the reg ions of  the less aggregated model .  I t  is  
a lso des i rab le  that  product ion and cost  in  the larger  reg ion be 
the sum of  that  o f  the smal ler  reg ions.  Fu l l  cons is tency of  
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aggregat ion then requi res that  each aggregator ,  P j  which is  the 
pr ice of  the j th  crop,  be a homothet ic  funct ion wi th  arguments 
P j j  (which are marg ina l  costs  o f  the j th  crop by i th  reg ion) .  
Homothet ic i ty  means that  i f  P j  increases propor t ionate ly  then 
each P j j  must  increase by the same propor t ion.  I f  each P j  is  
homothet ic  then the product ion aggregators  Qj  =  f  (q j j , . . . ,q j^ )  
must  be homothet ic  a lso.  From the assumpt ion o f  homothet ic i ty  
two undesi rab le  resu l ts  occur .  F i rs t ,  the propor t ions of  each Qj  
in  nat ional  to ta l  crop product ion never  change.  Secondly ,  the 
propor t ions q j j  o f  the i th  reg ional  to ta l  product ion a lso never  
change.  C lear ly ,  w i th  homothet ic i ty  the aggregate model  per forms 
the same as a  d isaggregated one.  However ,  i f  the assumpt ion o f  
homothet ic i ty  were t rue as shown here then d i f fer ing reg ional  
po l icy  impacts  would be non-ex is tent .  In  the rea l  wor ld  
d i f fer ing reg ional  impacts  and sh i f t ing re la t ive product ion 
shares (comparat ive advantage)  do ex is t .  Hence,  homothet ic i ty  is  
too s t rong of  an assumpt ion for  appl ied resource po l icy  analys is  
and cannot  be re l ied on for  model  cons is tency.  
S ince in ter -model  correspondences and aggregators  can never  
be per fect  some gu ide l ines must  be developed for  the appropr ia te  
use o f  near-cons is tent  methods.  These gu ide l ines and 
impl icat ions are developed us ing theoret ica l  example model  
compar isons o f  per fect  cons is tency and cont rast ing to  a l ternat ive 
outcomes o f  less than per fect  methods.  These resu l ts  suggest  
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model  development  gu ide l ines for  po l icy  analys is .  These 
aggregat ion and behaviora l  cons is tency impl icat ions are the theme 
o f  th is  s tudy.  
The ob ject ives of  th is  s tudy are g iven below a t  the end o f  
th is  chapter .  Chapter  I I  gives a synthes is  o f  aggregat ion 
theorems,  shows how they are imposs ib le  and ind icates why they 
are ins t ruct ive as to  the approx imate methods one should use.  
Chapter  I I I  out l ines some pragmat ic  methods which have been 
developed and used and ind icates what  is  miss ing in  them wi th  
regard to  aggregat ion and behaviora l  cons is tency.  Chapter  IV 
presents  some theoret ica l  i l lus t ra t ive examples wi th  the i r  
"so lved for "  analy t ica l  resu l ts  g iv ing exact  cons is tency and 
shows the behaviora l  impl icat ions for  natura l  resource po l icy  
models ;  gu ide l ines for  use o f  these resu l ts  in  def in ing par t ia l  
or  pract ica l  aggregat ion model ing methods are d iscussed.  Chapter  
V isa sty l ized appl icat ion invo lv ing a couple o f  actua l  models  
o thers  have employed in  an analy t ica l  exerc ise.  Th is  appl icat ion 
i l lus t ra tes the concepts  o f  th is  s tudy.  F ina l ly ,  Chapter  VI  
g ives some conc lus ions for  model ing natura l  resource po l ic ies 
wi th  reg ional  and nat ional  models .  
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Object ives 
1 .  Organize resu l ts  on aggregat ion theory in  a form where the 
impl icat ions re la t ive to  natura l  resource models  are made 
access ib ie .  
2 .  Review and c r i t ique some pragmat ic  e f for ts  which are commonly  
used to  par t ia l ly  overcome the aggregat ion prob lem. 
3 .  Const ruct  some theoret ica l  model  examples to  show 
impl icat ions of  assuming aggregat ion cons is tency is  sat is f ied and 
develop gu ide l ines researchers can use to  min imize the 
cons is tency prob lem. 
4 .  Take two example models  which have been used s imul taneously ,  
but  not  formal ly  l inked,  in  po l icy  analyses and show how the 
resu l ts  o f  th is  s tudy can be used to  improve cons is tency.  
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CHAPTER I I .  
THE PROBLEM OF CONSISTENT AGGREGATION 
Near ly  a i l  economic analys is  invo lves aggregat ion.  
Economists  are in terested in  methods o f  aggregat ion which 
min imize the loss o f  in format ion and/or  er ror  o f  pred ic t ion.  
Consequent ly  the l i terature on aggregat ion has grown in  separate 
but  re la ted ways around the ent i t ies  most  f requent ly  aggregated:  
genera l  funct ional  re la t ionships and the i r  var iab les (Green,  
1964) ,  aggregat ion o f  dec is ion var iab les or  s teps for  a s ing le  
opt imiz ing agent  (B lackorby e t  a l . ,  1978) ,  aggregat ion across a 
set  o f  dec is ion makers (Chambers,  1988) ,  aggregat ion in  sector  
and/or  p lanning models  and,  f ina l ly ,  aggregat ion o f  heterogeneous 
per formance measures o f  the economy such as "pr ice"  or  "output"  
in  the form of  index numbers (Af r ia t ,  1981;  D iewer t ,  1981) .  
Th is  chapter  w i l l  f i rs t  def ine in  genera l  terms wi th  an 
in tu i t ive example what  is  meant  by cons is tent  aggregat ion a long 
wi th  a br ie f  d iscuss ion of  the acceptabi l i ty  o f  less than 
cons is tent  methods.  Aggregat ion theorems for  each of  the c lasses 
of  ent i t ies  noted above w i l l  be summar ized and the i r  impl icat ions 
for  natura l  resource model ing shown.  F ina l ly ,  a  summary o f  the 
chapter  is  g iven.  
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Str ic t  Consis tency o f  Aggregat ion 
Wi th  aggregat ion be ing necessary i t  is  log ica l  to  des i re  
that  the aggregated model  g ive the same resu l ts  as would be 
obta ined f rom so lv ing the d isaggregated model  and then 
aggregat ing resu l ts .  An in tu i t ive example o f  s t r ic t  aggregat ion 
cons is tency where models  w i th  a l ternat ive leve ls  o f  aggregat ion 
are be ing cons idered can be seen by eva luat ing the d iagram by 
I j i r i  (1971)  shown in  (2 .1) .  
(2.1) 
Opt imizat ion 
0  (X)  
g(X)  ^ (V> Aggregat ion 
h(W) 
In  (2.1)  ^  is  a micro funct ion,  h  is  a macro funct ion,  g is  
an act ive aggregator  funct ion and is  a pass ive aggregator  
funct ion.  Consis tent  aggregat ion in  (2 .1)  requi res that  (2 .2)  
ho ld .  
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(2 .2)  0(X> = V h(g<X>)  =  <V> 
#<X)  ^  V h(g<X>> 7!  t f r {V> 
An agr icu l tura l  economics example o f  (2 .1)  and (2 .2)  is  i f  
one aggregat ion and model ing path to  nat ional  corn output  
invo lves f i rs t  f ind ing the opt imal  corn product ion for  each farm 
v ia  ( f )  then aggregat ing the farm opt imums v ia  0  to y ie ld  
nat ional  corn product ion.  The o ther  path uses g(x)  to  f i rs t  
aggregate the resources and technology o f  a i l  the farms in to  a 
nat ional  farm w and then employs h(w)  as the opt imizat ion process 
whereby the nat ional  farm dec ides how much corn to  produce.  
Consis tency as shown in  (2 .2)  requi res that  both paths resu l t  in  
the same nat ional  corn leve l .  I t  is  a lso des i rab le  that  i f  
po l icy  impacts  were est imated,  each path g ive the same resu l t .  
A l ternat ive ly ,  cons is tent  aggregat ion is  achieved when the 
use o f  more deta i led in format ion than that  conta ined in  the 
aggregates makes no d i f ference to  the resu l ts  o f  the analys is  o f  
the prob lem (Green,  1964,  page 3) .  Green suggests  "aggregat ion 
w i l l  be judged sat is factory  by the economist  to  the extent  that  
he be l ieves that  the cost  o f  handl ing in format ion in  greater  
deta i l  outweighs the greater  re l iab i l i ty  of  the resu l ts  he might  
obta in  by us ing more deta i led in format ion."  Aggregate equat ions 
may be more accurate i f  proper  spec i f icat ion of  micro re la t ions 
requi re  inc lus ion of  macro var iab les (Green) .  An example is  
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household expendi ture funct ions invo lv ing both own and to ta l  
income.  
A s  w i l l  b e  s h o w n  i n  t h i s  c h a p t e r  t o  m e e t  t h e  c o n d i t i o n s  f o r  
cons is tency in  a model  w i th  a h igher  degree o f  aggregat ion e i ther  
the data or  economic s t ructure must  be so homogeneous that  e i ther  
d isaggregated resu l ts  are d i rect ly  der ivable f rom an aggregated 
model  or  the aggregates are o f  a  form wi th  l i t t le  economic 
meaning.  Compar ison o f  s t r ic t  aggregat ion methods to  
a l ternat ives in  example models  in  the fo l lowing chapters  enables 
development  o f  gu ide l ines for  empir ica l  work.  
Empir ica l  models  impl ic i t ly  invo lve aggregat ion of  pr ices,  
inputs ,  technology and f i rms in  both a tempora l  and spat ia l  
sense.  Th is  chapter  deals  wi th  these concepts  in  a more genera l  
model  f ramework than the rest r ic ted ( f rom a r igorous theoret ica l  
v iew but  deta i led by o ther  s tandards)  technology o f  a  typ ica l  
sector  programming model .  However ,  s tandard micro-economic 
ent i t ies  such as factor  suppl ies and subst i tu tab i I i ty ,  product  
demand and product  supply  curves are impl ic i t  in  LP sector  
models ,  whether  exp l ic i t ly  bu i l t  in  or  apparent ly  der ivable f rom 
parameter izat ion techniques.  Therefore,  i t  could be impl ied that  
the s imple analy t ica l  models  used in  the fo l lowing chapters  are 
rea l ly  s imulat ing aggregate outcomes o f  the programming models .  
The aggregat ion concepts  d iscussed below seem genera l ly  to  have 
been assumed un impor tant  in  most  programming model  s tud ies.  The 
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resu l ts  o f  th is  s tudy should br ing more a t tent ion to  the model ing 
aggregat ion issue.  
Funct ional  Relat ionships/No Economic Rest r ic t ions 
The s t r ic test  condi t ions for  aggregat ion cons is tency ar ise 
when independent  var iab les are f ree to  take any va lues and 
cons is tency re l ies  so le ly  on funct ional  form and/or  corre la t ion 
between var iab le  movements over  t ime (Green,  1964,  Chapters  5  and 
6>.  I f  both dependent  and independent  var iab les are assumed to  
be s imple sums,  the ind iv idual  funct ions being aggregated must  be 
l inear  wi th  ident ica l  s lopes.  '  I f  e i ther  the dependent  or  the 
independent  var iab le  is  a l lowed to  be a  weighted sum, the 
funct ions must  s t i l l  be l inear  and the ra t io  of  s lope coef f ic ient  
to  weight  must  be constant  across a l l  funct ions.  A consumer 
example is  the requi rement  that  the ra t io  of  income to  marg ina l  
p r o p e n s i t y  t o  c o n s u m e  ( t h e  w e i g h t )  b e  c o n s t a n t  a c r o s s  a l l  
households for  the aggregate consumpt ion funct ion to  be 
cons is tent .  Product ion funct ions must  be l inear  and homogeneous 
w i th  in tercept  terms equal  to  zero and exh ib i t  para l le l  
hyperp lane isoquants ,  ident ica l  across a l l  f i rms.  
I f  log forms can be taken and used in  p lace of  non- l inear  
funct ions then the log funct ions can be t reated as l inear  
funct ions for  aggregat ion.  Log funct ions themselves rest r ic t  
var iab le  behavior  and sums o f  logs o f  var iab les ra ther  than sums 
o f  var iab les are more d i f f icu l t  to  work w i th .  For  arb i t rary  
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second degree po lynomia ls  complex weight ing rest r ic t ions are 
essent ia l ly  that  a l l  own var iab le  second degree term coef f ic ients  
and a l l  cross term coef f ic ients  be equal  across a i l  funct ions 
(Green) .  Weighted moments o f  f i rs t  and second order  can be used 
in  some econometr ic  work (Green;  Thei l ,  1954) .  
For  a  S ing le  Decis ion Maker  Given Economic Rest r ic t ions 
When some condi t ions on movements o f  var iab les are found 
f rom micro-economic theory for  opt imizat ion by a  s ing le  dec is ion 
maker  and imposed,  i t  is  the case that  the s t r ic tness of  the 
aggregat ion condi t ions are on ly  a l i t t le  re laxed.  These 
behaviora l  rest r ic t ions genera l ly  invo lve such untenable 
rest r ic t ions on technology or  a l lowable s t ructure as to  make the 
mode I  I  ess usefuI .  
The f i rs t  concept  cons idered is  weak separabi l i ty .  Weak 
separabi l i ty  for  a subgroup o f  var iab les requi res that  the ra t io  
of  f i rs t  der ivat ives of  the funct ion for  any two var iab les in  the 
subgroup be independent  o f  movements o f  any var iab les not  in  the 
subgroup.  Changes in  the var iab le  out  o f  the subgroup can sh i f t  
the isoquant  o f  the two var iab les but  cannot  change i ts  s lope 
(Chambers,  1988) .  Th is  is  shown in  (2 .3) .  
(2 .3)  =  0  for  a l l  q , r , i , j ,k  (q , r  =  1 ,  ,m:  
r f X q i  d r / , X r k  
a 
q  =  r  l , . . . ,nq;  J ,k  — l , . " * ,n^)  
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Strong separabi l i ty  requi res that  the ra t io  of  f i rs t  
der ivat ives of  any two var iab les be independent  o f  movements o f  
any o ther  var iab les (whether  in  the same subgroup or  not ) .  These 
separabi l i ty  concepts  are most  commonly  re fer red to  wi th  regard 
to  u t i l i ty ,  product ion,  cost  and prof i t  funct ions.  
An in tu i t ive example o f  separabi l i ty  actua l ly  ex is t ing 
ar ises f rom the observat ion of  two-stage opt imizat ion.  In  the 
consumer case,  e lementary  goods are f i rs t  ass igned to  groups.  
Tota l  expendi ture is  a l located to  these groups in  the f i rs t  stage 
of  opt imizat ion.  The second s tage invo lves a l locat ing each group 
expendi ture among commodi t ies  in  that  group,  independent ly  o f  
o ther  group a l locat ions.  S imi lar  examples ex is t  for  mul t i -s tage 
product ion processes.  As an i l lus t ra t ion,  funct ional  
separabi l i ty  a l lows <2.4> to  be wr i t ten as <2.5) .  
(2 .4)  y  — f  (x  J , . . . ,  X J^ , . . . ,  x j  J , . . . ,  Xj j ip^)  
(2 .5)  y  =  F(Xj , . . . ,X j , . . . ,X^)  where for  each r  ( r  =  l , . . . ,m> 
Xj .  — f  p (Xp^ ,  • . . ,  Xp|^ , . . . ,  X| , |^^)  
Overa l l  cons is tency of  the two s tage dec is ion process 
requi res condi t ions on both the var iab le  groupings in  the second 
s tage and on the f i rs t  stage dec is ion funct ion and i ts  group 
aggregates.  The des i red condi t ions are that  the two s tage 
process g ive the same resu l t  as opt imiz ing <2.4)  d i rect ly  and 
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that  each group pr ice index mul t ip l ied by the corresponding group 
quant i ty  index g ive group expendi ture.  
Separate condi t ions are requi red for  the aggregat ion o f  
var iab les in  the second s tage of  the dec is ion process and for  the 
o v e r a l l  t w o  s t a g e  r e s u l t  t o  b e  c o n s i s t e n t  ( B l a c k o r b y  e t  a l . ,  
1978) .  For  opt imizat ion wi th in  each o f  the second s tage 
groupings to  be cons is tent  weak separabi l i ty  o f  (2 .4)  for  the 
groups as shown in  <2.5> is  necessary and suf f ic ient .  I f  only  
two groups are invo lved weak separabi l i ty  is  a lso suf f ic ient  for  
the overa l l  two s tage process.  
I f  more that  two groups are invo lved then s t ronger  
condi t ions are needed for  cons is tency o f  the overa l l  two s tage 
process.  E i ther  the macro funct ion F in  (2 .5)  must  be s t rongly  
separable (addi t ive)  in  the group quant i ty  ind ices or  F must  be 
weakly  separable in  the ind ices and each ind ice be homothet ic  
(def ined in  next  paragraph) ,  i .e . ,  F must  be homothet icaI  I  y  
separabIe.  
A homothet ic  funct ion is  def ined as a  t ransform of  a l inear  
homogeneous funct ion (Chambers,  1988) .  I f  the t ransform goes to  
in f in i ty  when the or ig ina l  goes to  in f in i ty  and i f  the va lue o f  
t h e  t r a n s f o r m  e v a l u a t e d  a t  z e r o  i s  z e r o  t h e n  t h e  t r a n s f o r m  w i l l  
have the same bas ic  proper t ies  as the or ig ina l .  There are two 
impor tant  proper t ies  o f  homothet ic  funct ions which are re levant  
to  aggregat ion theory.  F i rs t ,  propor t ional  changes in  a l l  inputs  
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are accurate ly  re f lec ted by the same propor t ional  change in  the 
aggregate.  Second,  the marg ina l  ra te  o f  subst i tu t ion between two 
inputs  is  homogeneous o f  degree zero s ince i t  is  the ra t io  of  the 
f i rs t  der ivat ives of  a  funct ion homogeneous o f  degree one.  Th is  
impl ies that  expansion paths are s t ra ight  l ines through the 
or ig in .  Later  in  th is  chapter  quas i -homothet ic  funct ions are 
ment ioned.  In  th is  case the expansion path is  a s t ra ight  l ine,  
but  not  through the or ig in .  
The set  o f  funct ional  forms sat is fy ing these rest r ic t ions is  
smal l .  A lso,  data are not  genera l ly  co l lec ted,  summar ized and 
made ava i lab le  in  forms sat is fy ing these rest r ic t ions.  As an 
example,  the Cobb-Douglas funct ion is  homothet ic .  However ,  in  
th is  context  for  the Cobb-Douglas the quant i ty  ind ices are 
weighted geometr ic  means o f  the group commodi t ies  wi th  the 
weights  be ing the constant  expendi ture propor t ions.  The pr ice 
ind ices are a lso weighted geometr ic  means.  Aggregate data that  
are ava i lab le  are genera l ly  sums or  weighted sums.  
The group expendi ture requi rement  is  a lso met  i f  pr ices and 
quant i t ies  of  a  group a lways move propor t ionate ly  (Green) .  Where 
group separabi l i ty  is  based on pr ice propor t ional i ty ,  there is  no 
reason to  be l ieve that  in  the absence o f  i t  that  the group would 
even be weakly  separable;  the equal  product  sur faces or  
ind i f ference curves impl ied by these condi t ions wi l l  in  genera l  
be d i f ferent  for  d i f ferent  va lues o f  var iab les in  other  groups.  
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With the rest r ic t ions on technology g iven here i t  is  as i f  
each Xj .  in  (2 .5)  is  a lso a product ion funct ion,  sat is fy ing the 
same proper t ies  as y ,  i .e . ,  homogenei ty  (Chambers,  1988) .  For  
product ion funct ions the marg ina l  ra te  o f  technica l  subst i tu t ion 
between any two inputs  in  the weakly  separable group must  be 
independent  o f  u t i l i za t ion of  an input  outs ide the group.  When 
technology is  s t rongly  separable (2 .5)  may be wr i t ten as (2 .6)  
and i t  can be seen that  the aggregate inputs  must  be per fect ly  
subst i tu tabIe for  one another  in  product ion.  
(2 .6)  f  (x)  =  F*  (£ f '  (x ' ) )  
The l i terature on cost ,  prof i t ,  and product ion funct ions 
expand and re f ine the two-stage budget ing,  separabi l i ty ,  and 
s t r ic t  aggregat ion concepts  def ined above for  var ious appl ied and 
empir ica l  s i tuat ions (Blackorby,  Pr imont ,  and Russel l ,  1978;  
Shephard,  1970) .  Cost  and prof i t  funct ions are most  f requent ly  
used in  econometr ic  work but  there are some dual i ty  resu l ts  
appl icab le  to  th is  programming model  s tudy which can be shown 
wi th  a cost  funct ion.  
I f  F ,  f ,  f I ,  a n d  x  a r e  r e p l a c e d  w i t h  C ,  f ,  c j ,  a n d  w  m a k i n g  
(2 .4)  and (2 .5)  a cost  funct ion then weak and s t rong separabi l i ty  
o f  inputs  and pr ices are as def ined above.  C and each Cj  are 
ca l led the "macro- funct ion"  and "aggregator  funct ions" .  I f  C is  
a lso separable in  output  then (2 .7)  ho lds.  
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3  /  â c /  a  C j  \  
(2 .7)  I f  - - I  )= 0 ,  then C<w,y> =  c(y ,c  (w>> and 
\  ô c / ô c j /  
C(w,y)  =  c<y,c i<wi> , . . . ,Cn,<w^>> 
The i m p l i c at i on o f  (2 .7)  is  that  each c ; (w| )  is  s imply  a pr ice 
index,  though sat is fy ing proper t ies  o f  and be ing a cost  funct ion.  
Weak and s t rong separabi l i ty  imply  that  i f  f  has cer ta in  
proper t ies ,  i ts  macro and aggregator  funct ions can be spec i f ied 
so as to  possess those proper t ies .  Dual i ty  theory shows that  i f  
the cost  or  prof i t  funct ions possess cer ta in  proper t ies ,  then 
s ta tements about  the product ion technology proper t ies  can be 
made.  Dual i ty  theory a l lows test ing for  separabi l i ty  in  
product ion processes v ia  est imat ion of  cost  or  prof i t  funct ions 
fo l lowed by test ing of  pr ice separabi l i ty  (a  n ice example is  
Fuss,  1977) .  I f  separabi l i ty  ex is ts  and aggregates can be 
f o r m e d ,  t h e y  w i l l  n o t  b e  s i m p l e  a v e r a g e s  o r  s u m m a t i o n s  b u t  w i l l  
depend on the form of  the product ion or  cost  funct ions they are 
used in  (Berndt  and Chr is tensen,  1973;  Shephard,  1970;  B lackorby,  
Pr imont  and Russel l ,  1978;  Chambers,  1988) .  Empir ica l  cost  and 
prof i t  funct ion est imat ions repor ted in  the l i terature for  U.S.  
agr icu l ture can prov ide usefu l  gu ide l ines for  const ruct ing 
acceptable aggregat ion s t ructures in  resource po l icy  models .  
The conc lus ion o f  th is  sect ion is  that  the economic 
rest r ic t ions ar is ing f rom sat is fact ion of  the f i rs t  order  
condi t ions (FOC) o f  opt imizat ion can a l low cons is tent  
aggregat ion;  however ,  they impose rest r ic t ions on a l lowable 
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economic behavior  and/or  technology.  Separabi l i ty  fac i l i ta tes 
aggregat ion but  on ly  a  rest r ic ted set  o f  funct ional  forms are 
cons is tent  wi th  separabi l i ty .  
Across Ind iv idual  Decis ion Makers 
The resu l ts  presented here are f rom Chambers <1988,  pages 
182-199) .  F i rs t ,  Chambers '  genera l  aggregat ion resu l ts  are 
presented,  fo l lowed by h is  cost  funct ion examples.  Th is  br ie f  
s u m m a r y  o f  C h a m b e r s '  r e s u l t s  p r o v i d e  r u l e s  w h i c h  t h e  f o l l o w i n g  
chapters  o f  th is  s tudy re fer  to .  
The prob lem is  to  f ind an aggregate funct ion g<z,k> (cost ,  
product ion,  or  prof i t ) ,  where z  are the var iab les to  be 
aggregated and k  is  an arb i t rary  constant ,  such that  (2 .8)  ho lds.  
(2 .8)  g<z,k)  =  H(g l (z l ,k ) , . . . ,g^(z^ ,k) )  where z  =  z<z^,  ,z f )  
Di f ferent  resu l ts  are g iven depending on whether  the 
aggregat ion ru le ,  H,  is  l inear  or  non- l inear  and for  the case of  
l inear  H whether  z  i s  l inear  or  not .  For  the cost  funct ion 
example these are d iscussed case by case.  
L lnear_H_and_z 
L inear  H and z  means that  aggregates are const ructed as H = 
g^ +  g^ + . . .  + g""  and z  =  z^ +  z^  +  . . .  + z"" .  In  th is  case the 
aggregate funct ion must  be o f  the form g(z ,k)  =  v(k)z  + m(k> 
where each g '  =  v(k)z '  +  m'<k)  and m(k)  =  m^k)  + . . .  + m" ' (k> .  
For  cost  funct ions these l inear  aggregat ion ru les are shown 
in  (2 .9) .  These l inear  aggregat ion ru les for  cost  funct ions seem 
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des i rab le ,  i .e . ,  indust ry  cos ts  equa l  the  sum o f  f i rm costs  wh i le  
indust ry  output  equa ls  the  sum o f  f i rm output ,  however ,  they  
impose s t r i c t  cond i t ions  on a l lowable  techno logy.  I t  is  a lso  
impl ied  tha t  the  ac tua l  d is t r ibu t ion  o f  output  across  f i rms does 
not  mat ter .  
<2.9> c<w,y)  =  c^(w,y^> + . . .+  c^^w,y^> fo r  y  =  +  . . .  +  y*" .  
Wi th  these l inear  res t r ic t ions  i t  is  found tha t :  ( i>  each 
f i rm leve l  marg ina l  cos t  (MC) must  equa l  aggregate  MC;  ( i i>  s ince 
( i>  must  ho ld  fo r  any leve l  o f  y ' ,  each f i rm leve l  MC must  be 
independent  o f  y '  s ince mov ing output  f rom one f i rm to  another  
must  no t  a f fec t  cos ts ;  ( i i i )  i t  is  impl ied  tha t  MC fo r  f i rm i  and 
j  must  be the  same;  and,  ( iv>  aggregate  MC must  be independent  o f  
aggregate  output .  
To get  these l inear  resu l ts  the  aggregate  cos t  func t ion  must  
be o f  the  form c<w,y)  =  X (w)y  +  c*<w> where X(w> i s  the MC and 
c*<w> i s  a  constant  o f  in tegra t ion  ( th is  is  the  Gorman Po lar  fo rm 
(Gorman,  1959;  Deaton and Muel lbauer ,  1980) ) .  Such a  cos t  
func t ion  requ i res  quas i -homothet ic  techno logy ( i .e . ,  a  l inear  
t rans format ion  o f  a  homothet ic  techno logy) .  The cos t  func t ion  
must  be a f f ine  in  output  and fo r  i t  to  sa t is fy  the  proper t ies  
normal ly  postu la ted fo r  cos t  func t ions  (par t icu lar ly  c(w,0)  =  0)  
requ i res  c* (w)  =  0  which then g ives  ac tua l  l inear  homogenei ty  o f  
p roduct ion .  One cou ld  assume c(w,y> i s  a  long run cost  func t ion  
(c* (w)  are  f i xed costs  wh ich equa l  zero  in  the long run)  bu t  then 
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normal  U shaped average cos t  curves cannot  be represented.  Note  
tha t  homothet ic  techno logy a lso  requ i res  c*<w> =  0 .  
The above resu l ts  on aggregate  fo rms a lso  imply  res t r ic t ions  
on a l lowable  f i rm leve l  func t ions .  Techn ica l  d i f fe rences between 
f i rms are  res t r ic ted to  the c ' *  terms;  however ,  aga in  to  sa t is fy  
cos t  func t ion  assumpt ions the  c ' *  terms must  be equa l  to  zero .  
The conc lus ion i s  tha t  i t  is  not  poss ib le  to  spec i fy  f i rm leve l  
techno log ies  sa t is fy ing  cond i t ions  o f  cos t  func t ions  tha t  a l low 
fo r  cons is tent  aggregat ion  across  f i rms wi th  non- ident ica l  
techno log ies  in  the long run.  Only  ident ica l  constant  re turns  to  
sca le  <CRS> techno logy sa t is fy  l inear  aggregat ion  in  the long 
run.  Any cons is tent  shor t  run cos t  func t ions  v io la te  normal  
cond i t ions  on cos t  func t ions  s ince they inc lude the c* (w> te rms.  
A g raph ica l  in terpre ta t ion  o f  these cond i t ions  was g iven 
much ear l ie r  in  terms o f  Enge l  curves or  expans ion paths  in  the 
fo l lowing two theorems (Green,  1964,  pages 47-50) :  
"Theorem 9 .  I t  is  necessary  fo r  cons is tent  aggregat ion ,  
when the  opt imal  cond i t ions  (6 .1)  are  sa t is f ied ,  tha t :  (a)  
fo r  each f i rm or  ind iv idua l ,  each se t  o f  po in ts ,  in  output  
o r  commodi ty  space,  a t  wh ich marg ina l  ra tes  o f  subst i tu t ion  
are  constant ,  i s  a  s t ra ight  l ine ;  (b)  fo r  a  g iven se t  o f  
marg ina l  ra tes  o f  subst i tu t ion ,  the  s t ra ight  l ines  fo r  a l l  
ind iv idua ls  or  f i rms are  para l le l . "  
"Theorem 10.  I f  the Enge l  curves or  expans ion paths  fo r  a l l  
ind iv idua ls  or  f i rms a t  a  g iven se t  o f  commodi ty  o r  input  
p r ices ,  are  para l le l  s t ra ight  l ines  through the i r  o r ig ins ,  
then cons is tent  aggregat ion  o f  the  func t ions  fg (x ig ,  
to  the func t ions  y  =  F(X j , . . .  ,X|k ] )  i s  poss ib le .  Moreover ,  
there  ex is t  func t ions  F  and h^ , . . . ,h j^  such tha t  
Y =Ehs<ys> =  F(X i , . . . ,X„ )  
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where the  func t ion  F is  homogeneous o f  degree 1  in  i t s  
arguments . "  
" I f  the  cond i t ions  o f  Theorem 10 are  sa t is f ied ,  and each o f  
the  func t ions  f  i s  homogeneous o f  degree one,  cons is tent  
aggregat ion  i s  poss ib le  w i th  
Y =ECsYs 
Linear_H_ind_noQHlnear_z 
I f  one i s  w i l l ing  to  use y  =  a^y^  +  . . .  a^y^  as  a  we ighted 
to ta l  product ion  the marg ina l  cos ts  across  f i rms no longer  need 
be the  same.  However ,  each f i rm leve l  MC must  be constant  and 
equa l  to  aggregate  marg ina l  cos t  t imes the appropr ia te  we ight ing  
fac tor ;  aggregate  marg ina l  cos t  must  s t i l l  be constant  and 
independent  o f  ou tput .  So even here  the  cond i t ions  on a l lowable  
techno logy are  s t i l l  s t r ic t .  
Non=i lnear_H 
A l lowing fo r  non- l inear  aggregat ion  ru les  imply  the  
fo l l o wing cond i t ions :  <1> weak (s t rong)  separab i l i t y  o f  z  imp ly ,  
and i s  impl ied  by ,  weak (s t rong)  separab i l i t y  o f  H  in  g ' ;  (2)  
h o m o t h e t i c i t y  o f  z  i m p l i e s ,  a n d  i s  i m p l i e d  b y ,  h o m o t h e t i c i t y  o f  H  
i n  z ;  a n d  ( 3 )  H  i s  a d d i t i v e l y  s e p a r a b l e  ( H j j  =  0 ) .  
A non- l inear  aggregat ion  ru le  fo r  cos t  func t ions  is  g iven in  
(2 .10) .  In  th is  case y  cou ld  be thought  o f  as  representa t ive  
output  leve l  ra ther  than ac tua l  aggregate  output .  
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(2 .10)  c (w,y> =  c^w^,y> + . . .+  where 
c '<w,y '>  =  h ' (y '>A(w)  +  c* '<w)  and y  =  h ' -<y^)  +  . . .+  h^(y^) .  
Now aggregate  MC need not  be independent  o f  aggregate  output  
bu t  aggregate  cos t  must  be add i t i ve ly  separab le  in  f i rm leve l  
ou tputs .  I f  <2.10)  i s  t rue  then aggregate  MC need not  be 
independent  o f  aggregate  output  bu t  aggregate  cos t  must  be 
add i t i ve ly  separab le  in  f i rm leve l  ou tputs .  I f  (2 .11)  ho lds  then 
aggregate  MC i s  independent  o f  y .  
(2 .11)  ô^y /  ôy '  ôy j  =  0  
Here,  each f i rm leve l  cos t  func t ion  is  homothet ic  bu t  MC i s  
not  ident ica l  across  a l l  f i rms and i s  not  independent  o f  f i rm 
leve l  ou tput .  I f  (2 .11 ' )  ho lds  ins tead o f  (2 .11)  then so do 
(2 .12)  and (2 .13) .  
(2 .11 ' )  aZy/  by '  ay j  =  0  
(2 .12)  c (w,y)  =  h(y)c(w)  +  c* (w)  where h(y )  =  h^  (y^> + . . .+  h^^y^)  
(2 .13)  c ' (w,y ' )  =  h ' (y ' )c (w)  +  c* ' (w)  
In  th is  case:  (1)  MC i s  not  constant  e i ther  fo r  the 
aggregate  or  fo r  ind iv idua l  f i rms;  (2)  homothet ic  p roduct ion  
s t ruc tures  can be represented w i thout  impos ing CRS;  (3 )  can now 
aggregate  d i f fe rent  techno logy across  f i rms because both  h ' (y ' )  
and c* ' (w)  can vary ;  (4)  even i f  c* ' (w)  i s  fo rced to  zero  to  be 
cons is tent  w i th  cos t  func t ion  proper t ies ,  techno logy can vary  
across  f i rms so long as  the  h ' (y ' )  terms are  d i f fe rent .  
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The conc lus ion i s  tha t  cons is tent  non- l inear  aggregat ion  in  
the longrun requ i res  tha t  each f i rm- leve l  product ion  func t ion  is  
a  t rans form <F> '  o f  the  same l inear ly  homogeneous func t ion  f * (x ) .  
So,  input  requ i rement  se ts  are  s t i l l  requ i red to  be para l le l  
across  f i rms.  For  aggregat ion  across  dec is ion  makers ,  one must  
a l low the aggregator  to  not  be s imple  sums o f  en t i t ies  ( i .e . ,  
nat iona l  corn  product ion  not  the  sum o f  reg iona l  corn  product ion)  
to  get  even c lose to  cons is tency.  
L inear  Programming Model  Aggregat ion  Ru les  
A most  idea l  sec tor  programming model  wou ld  inc lude fu l l  
de ta i l  on each producer  in  the  economy.  In  prac t ica l i ty  ana lys is  
proceeds w i th  e i ther  f i rs t  aggregat ing  the  dec is ion  components  
( resources,  techno logy,  and net  re turns  expecta t ions)  o f  
producers  in to  groups and so lv ing  a  model  w i th  the  group 
aggregates  or  independent ly  so lv ing  each producer 's  dec is ion  
prob lem and then aggregat ing  resu l ts .  For  our  d iscuss ion the 
decision components considered in an linear programming (LP) 
model  aggregat ion  f ramework  are  def ined in  a  p ro f i t  max imizat ion  
model  fo r  the  i th  producer  in  (2 .14)  w i th  the  dua l  g iven in  
(2 .15) .  
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(2 .14)  Max imize Z j  =  C ; ' X j  
x ,  
sub jec t  to :  A jX j  <  b ;  
X; > 0  
where:  
i  =  fo r  the f i rms to  be aggregated,  
Z j  i s  net  opt imal  re turns  fo r  the i th  f i rm,  
Cj  i s  vec tor  o f  ac t iv i ty  net  re turns  fo r  i th  f i rm,  
A j  i s  m*n techno logy mat r ix  o f  i th  f i rm,  
X j  i s  vec tor  o f  ac t iv i ty  leve ls ,  and 
b j  i s  m* l  vec tor  o f  const ra in ts  ( resources e tc . ) .  
(2 .15)  Min imize V j  =  R; 'b ;  
" i  
sub jec t  to :  A j 'R j  >  C j  
R j  >  0  
where:  
R j  i s  m* l  vec tor  o f  resource shadow pr ices ,  
and o ther  i tems are  as  def ined in  (14) .  
A  comprehens ive  se t  o f  s t r i c t  aggregat ion  cond i t ions  were 
proposed by  Day (1963,  1969a,  1969b) :  
(a )  A j  =  A ,  i .e . ,  techno log ica l  homogenei ty ,  
(b )  C j  =  C ,  i .e . ,  pecun ious propor t iona l i ty  o f  ne t  re turns  
expecta t  i  ons,  
(c )  b  =  A jb ,  X j  >  0 ,  ins t i tu t iona l  p ropor t iona l i ty .  
Ins t i tu t iona l  propor t iona l i ty  i s  s t r ic t ly  on ly  necessary  fo r  
the  const ra in ts  b ind ing in  the model  so lu t ion ,  but  d i f f i cu l ty  
ex is ts  in  ident i fy ing  them beforehand.  S ince Day 's  cond i t ions  
ensure  X j  =  X j X *  fo r  a l l  fa rms they are  usua l ly  su f f i c ien t .  
S t r ic t  su f f i c iency  requ i res  1 ,  i .e . ,  representa t ive  or  
average fa rm is  the ar i thmet ic  mean (Haze l  I  and Nor ton,  1986)  and 
tha t  none o f  the  ind iv idua l  fa rm models  be degenera te  s ince then 
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X* j  i s  unknown and a rb i t ra ry  over  a  range (Spreen and Takayama,  
1980) .  
Less s t r ingent  cond i t ions  fo r  aggregat ion  are  proposed by  
Sheehy and McAlexander  (1965) ,  M i l le r  (1966) ,  and Lee (1966) .  
A l l  o f  these re ly  on a l l  fa rms inc luded in  a  group hav ing 
coef f ic ien ts  w i th in  the to le rant  range o f  the  bas is  o f  the  group 
fa rm model  (Haze l  I  and Nor ton,  1986) .  S ince the  to le rant  ranges 
change fo r  a l te rnat ive  exper iments  these methods are  impract ica l  
in  po l icy  ana lys is .  The cond i t ions  o f  Par is  and Rausser  (1973)  
a lso  requ i re  knowledge o f  the  so lu t ion  space p r io r  to  group ing.  
The resu l ts  o f  Marenco (1969)  and Gucc i  one and Oguch i  (1977)  a lso  
a id  po l icy  ana lys is  very  l i t t le .  The best  approach seems to  be 
to  use empi r ica l  da ta  to  determine fac tors  fo r  determin ing 
aggregat ion  charac ter is t ics  which are  most  l i ke ly  to  remain  
constant  across  scenar ios  to  be eva luated.  
Index Numbers  as  Summar ies  o f  Deta i led  In format ion  
Index numbers  a re  o f ten  used in  economic  ana lys is  as  
aggregate  measures  to  summar ize  more de ta i led  in format ion .  The 
most  common ind ices  appear ing in  natura l  resource po l icy  models  
a re  fo r  commodi ty  p r ices  and y ie lds .  The ind ices  can be 
const ruc ted to  represent  aggregat ion  across  reg ions,  t ime 
per iods ,  producer  c lasses,  and o ther  des i red economic  var iab les .  
The major  prob lem in  deve lop ing these ind ices  fo r  a  po l icy  
ana lys is  model  (as  exp la ined in  more de ta i l  be low)  i s  in  choos ing 
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a formula  and i t s  coef f ic ien ts  before  the  po l icy  impacts  are  
known.  Hence,  a  major  par t  o f  the  research on index numbers  has 
been to  search fo r  formulas  whose coef f ic ien ts  (we ights  or  
shares)  a re  independent  o f  the  po l icy  scenar io .  However ,  as  w i l l  
be shown,  the  su f f i c iency  cond i t ions  fo r  independence impose such 
s t r ic t  cond i t ions  on the  form o f  the  under ly ing  behav ior  tha t  the  
po l icy  model  i s  unusefu l .  
Th is  en t i re  index number  sec t ion  i s  based on a  survey 
a r t i c le  by D iewer t  (1981) .  D iewer t 's  resu l ts  are  in terpre ted in  
terms o f  the i r  va lue fo r  natura l  resource po l icy  programming 
models .  As an example  o f  ind ices  and models ,  suppose a l l  
producers  in  Iowa are  aggregated and the i r  co l lec t ive  behav ior  
s imula ted by  a  p ro f i t  max imizat ion  programming model .  An Iowa 
corn  pr ice  (or  y ie ld )  i s  rea l ly  non-ex is tent .  What  rea l ly  ex is ts  
are  pr ices  and y ie lds  by  reg ion,  qua l i ty ,  season,  e tc .  A common 
p rac t ice  is  to  form the s ta te  pr ice  and y ie lds  as  some average,  
an index,  o f  the  component  types.  However ,  the  quest ion  is  then 
whether  the  averag ing method be based on past  sub-s ta te  reg iona l  
d is t r ibu t ions  or  on those pred ic ted fo r  the  fu ture? The prob lem 
is  in  spec i fy ing  the d is t r ibu t ion  fo r  model  deve lopment  be fore  
the  po l icy  impacts  fo r  which the  model  i s  be ing deve loped are  
known.  
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The most  s t ra ight forward tes t  fo r  cons is tency in  ind ices  
(but  wh ich  i s  a lso  very  d i f f i cu l t  to  meet  and the  va lue o f  wh ich  
has been quest ioned by  some)  i s  F isher 's  weak fac tor  reversa l  
tes t  (F isher ,  1922) .  The weak fac tor  reversa l  tes t  fo r  ind ices  
between two scenar ios  i s  shown here  in  an example  to  i l lus t ra te  
the nota t ion  used in  the fo l lowing d iscuss ion:  
P(p®,p^ ,x®,x^> *  Q(p° ,p l ,p° ,p l )  =  p lTy l /poTyO 
where p '^x '  =  P i ' x i '  +  P2 ' *2 '  *  Pn ' *n '  
p  and X w i thout  subscr ip ts  are  vec tors  and a  T 
superscr ip t  ind ica tes  the t ranspose 
p 'J  =  pr ice  o f  i th  good in  j th  category  
x 'J  =  quant i ty  o f  i th  good in  j th  category  
Var ious  ind ices  have been used in  economic  ana lys is .  The 
Laspeyres  ind ices  use base per iod  commodi t ies  (o r  pr ices)  as  
we ights  wh i le  the  Paasche use cur rent  per iod  ent i t ies .  The 
Marsha l l  and Edgewor th ,  F isher ,  Tornqv is t  and D iv is ia  ind ices  a l l  
a t tempt  a  sor t  o f  endogenous we ight  (o r  we ighted average o f  two 
per iods)  (Shepherd,  1963) .  A l l  o f  these ind ices  are  incons is tent  
fo r  many o f  the  uses index numbers  a re  app l ied  to .  In  
par t icu lar ,  these ind ices  are  l im i ted  fo r  es t imat ing  the change 
in  the cos t  o f  a  g iven leve l  o f  u t i l i t y  or  product ion .  In  o ther  
words whether  o r  not  consumers  are  bet ter  o f f  in  the new or  the  
o ld  scenar io  o r  whether  the  product ion  leve l  i s  h igher  or  lower  
cannot  be answered un less  homothet ic i ty  o f  the  u t i l i t y  or  
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product ion  func t ion  is  present .  Unfor tunate ly ,  in t roduc ing a  
u t i l i t y  or  product ion  leve l  in terpre ta t ion  to  the  index number  
p rob lem creates  most  o f  the  prob lem o f  f ind ing cons is tency.  As 
w i l l  be shown,  the  next  s tep a f te r  in t roduct ion  o f  output  o r  
u t i l i t y  in to  the ind ices  i s  to  look  fo r  func t iona l  fo rms such 
tha t  u t i l i t y  or  product ion  leve l  drops out  o f  the  index fo rmula .  
Funct iona l  fo rms g iv ing  tha t  cond i t ion  are  shown to  be too  
res t r ic t ive  fo r  economic  ana lys is .  
Assume tha t  the  aggregat ion  i s  be ing done fo r  a  dec is ion  
maker  who chooses a  va lue fo r  x  to  sa t is fy  the  prob lem o f  
max imiz ing the  va lue o f  an "aggregator "  func t ion ,  u  =  f (x> ,  
sub jec t  to  a  budget  const ra in t  in  each scenar io  ( f  can be u t i l i t y  
or  product ion  leve l ) .  Assume tha t  f  has the  proper t ies  o f :  ( i>  
cont inu i ty ,  ( i i )  increas ingness,  and ( i i i>  quas i -concav i ty .  
Under  some cases i t  is  a lso  assumed (or  requ i red fo r  some 
resu l ts )  tha t  f  i s  a lso  "neo-c lass ica l " ,  i .e . ,  f  is  pos i t i ve ,  
pos i t i ve ly  l inear ly  homogeneous,  and concave.  
Assume tha t  in  the opt imizat ion  process,  f i rs t  fo r  any leve l  
o f  ou tput ,  u ,  cos t  i s  min imized such tha t  a  cos t  func t ion ,  
c (u ,p) ,  can be def ined.  Second ly ,  g iven the cos t  func t ion ,  the  
leve l  o f  f<x)  tha t  w i l l  max imize u  i s  determined.  I t  is  assumed 
tha t  c<u,p)  sa t is f ies  the s tandard  cos t  func t ion  proper t ies  g iven 
by D iewer t  (1981,  page 164) .  Note  tha t  i f  f  i s  neoc lass ica l  then 
c (u ,p)  =  u  *  c( l ,p )  =  u  +  c (p) .  
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With  these def in i t ions  a  t rue  pr ice  (cos t )  index can be 
def ined fo r  a  re ference vector  x  as :  P(p° ,p^ ,x> =  
c [ f (x ) ,p l ] /c [ f (x ) ,p° ] .  The prob lem is  then in  choos ing a  
func t iona l  fo rm o f  f  such tha t  P<p®,p^ ,x> =  c (p^) /o(p° ) ,  i .e . ,  a  
func t iona l  fo rm such tha t  the  re ference vector  chosen fo r  the 
index i s  un impor tant .  I f  such a  func t iona l  fo rm cannot  be found,  
invar iab ly  er ror  w i l l  be in t roduced in to  po l icy  ana lys is  as  
inexact  ind ices  must  be used ( the  most  famous examples  are  the  
b iases o f  the  Paasche and Laspeyres  ind ices  when they  are  used to  
es t imate  cos t  o f  l i v ing  changes) .  I t  is  requ i red tha t  f (x )  be 
homothet ic  fo r  x  to  drop out  o f  P(p° ,p^ ,x ) .  For  the  case o f  a  
non-homothet ic  f  var ious  re ference vector  and index fo rmula  
propos i t ions  have been made.  D iewer t  summar izes  these 
propos i t ions  and shows how on ly  bounds can be determined fo r  the 
exactness o f  the  resu l ts .  Wi th  these fo rmula  and the i r  bounds 
the  sor t  o f  des i rab le  proper t ies  examined by  D iewer t  are  as  an 
example ,  i f  a l l  p r ices  increase,  then the  index must  a lso  
increase,  and so on.  
The rea l  cont r ibu t ion  o f  D iewer t 's  work  i s  to  l ink  
aggregator  func t iona l  fo rms w i th  exact  and super la t ive  index 
fo rmulas  (super la t ive  index fo rmulas  are  those which are  exact  
fo r  func t iona l  fo rms tha t  are  capab le  o f  p rov id ing second order  
approx imat ions  to  arb i t ra ry  aggregators) .  A quant i ty  index i s  
def ined to  be exact  i f  Q(p° ,p^ ,x° ,x^)  =  f (x^ ) / f (x° )  and a  p r ice  
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index i s  exact  i f  P(p° ,p^ ,x° ,x^> =  c<p^>/c<p°>.  Note  tha t  as  a  
genera l  ru le  i f  f<x> i s  homothet ic  then P and Q are  exact .  Some 
spec i f i c  examples  o f  func t iona l  fo rms meet ing  these res t r ic t ions  
are  g iven be low.  
The Paasche and Laspeyres  pr ice  ind ices ,  Pp<p° ,p^ ,x° ,x^> =  
p lTy l /poTy l  and P^  (p® ,p^  ,x°  ,x ' '>  =  p^^x° /p°^x°  and the  Paasche and 
Laspeyres  quant i ty  ind ices ,  Qp<p° ,p^ ,x° ,x^> =  p^^xVp^^x°  and 
Ql<P°»P^  »x° ,x^> =  p°^xVp°^x°  are  exact  fo r  the Leont ie f  
aggregator  func t ion  f<x> =  mi  n j^  {x  j /b  j  :  i= l , . . . ,  n)  and the  l inear  
aggregator  func t ion  f (x> =  a^x .  There fore ,  in  the  type o f  p r ice  
and y ie ld  examples  g iven thus fa r  in  th is  paper ,  i f  the  weights  
ass igned to  each component  en t i ty  are  not  expected to  change 
regard less  o f  the  scenar io  cons idered the  Paasche and Laspeyres  
ind ices  are  exact  and aggregat ion  w i l l  be cons is tent .  However ,  
i f  product ion  pat terns  were ac tua l ly  f i xed such tha t  constant  
p ropor t ions  (we ights)  p reva i l  the  resu l t ing  po l icy  ana lys is  would  
y ie ld  l i t t le  usefu l  in format ion .  Note  tha t  accord ing to  
D iewer t 's  resu l ts  the  Paasche and Laspeyres  ind ices  normal ly  fo rm 
the outer  bounds fo r  o ther  ind ices ,  i .e . ,  there  are  modi f ied  
ind ices  ava i lab le  which are  guaranteed to  do no worse than the 
Paasche or  Laspeyres .  
A fami ly  o f  geometr ic  p r ice  and quant i ty  ind ices  can a lso  be 
def ined us ing shares  as  the  power  coef f ic ien ts .  These ind ices  
are  shown by  D iewer t  to  be exact  fo r  f  be ing o f  the  Cobb-Douglas  
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fo rm.  However ,  fo r  the  purpose o f  de f in ing  reg iona l  p r ices  and 
y ie lds  in  a  reg iona l  model  as  averages o f  sub- reg iona l  da ta ,  
geometr ic  p r ice  and quant i ty  ind ices  are  confus ing ( i .e . ,  they 
cannot  be compared to  pub l ished reg iona l  s ta t is t ics  and model  
in terpre ta t ions  are  d i f f i cu l t ) .  
The l im i ta t ions  o f  the  Paasche (present  per iod  weights)  and 
Laspeyres  ( las t  per iod  weights)  fo r  showing changes in  costs  
assoc ia ted w i th  ho ld ing the aggregator  a t  a  constant  leve l  are  
we l l  known.  The F isher  Idea l  index,  (p®,p ' ' , x° ,x^ )  =  
(p lTx l /p°Tx l ) l /2  *  (p lTx° /p°TxO) l /2  and s imi la r ly  fo r  a  quant i ty  
index are  a t tempts  to  overcome these weaknesses.  These ind ices  
are  exact  i f  f  is  homogeneous quadra t ic  o f  the  fo rm f (x )  =  
(x^Ax)^ ' ' ^  where  A i s  a  mat r ix  o f  constants .  
A quant i ty  index i s  super la t ive  i f  i t  is  exact  fo r  an 
aggregator  wh ich  i s  a  second order  d i f fe rent ia l  approx imat ion  to  
an a rb i t ra ry  tw ice  cont inuous ly  d i f fe rent !ab le  l inear ly  
homogeneous aggregator  func t ion  ( i .e . ,  fo r  " f lex ib le  form"  
aggregators) .  A p r ice  index gets  the  same labe l  i f  i t  is  exact  
fo r  a  un i t  cos t  func t ion  which l i kewise prov ides an approx imat ion  
to  an a rb i t ra ry  tw ice  cont inuous ly  d i f fe rent !ab le  cost  func t ion .  
The Tornqv is t  ind ices  ( in  var ious  forms)  are  exact  fo r  genera l  
t rans log funct iona l  fo rms which may be non-homothet ic  i f  cer ta in  
o ther  res t r ic t ive  proper t ies  ho ld .  However ,  t rans log funct iona l  
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fo rms have not  been employed in  programming models  and wou ld  be 
d i f f i cu l t  to  both  implement  and in terpre t .  
In  conc lus ion,  aggregators  su i tab le  fo r  deve lop ing 
coef f ic ien ts  in  aggregate  leve l  resource po l icy  models  w i l l  most  
l i ke ly  be b iased.  Th is  i s  because a  Leont ie f  o r  l inear  
aggregator  w i l l  be used and i t  is  un l ike ly  tha t  the  under ly ing  
economic  processes are  t ru ly  homothet ic .  D isaggregat ion  o f  the  
aggregate  measures  to  more a  more de ta i led  leve l  requ i res  very  
s t rong assumpt ions not  l i ke ly  suppor ted by  empi r ica l  observat ion .  
The best  gu ide l ine  then is  to  make use o f  empi r ica l  in format ion  
in  choos ing aggregator  coef f ic ien ts  so as  to  min imize er ror  g iven 
the aggregator  fo rms used.  An example  o f  th is  i s  the "aggregate  
by  most  l im i t ing  resource"  ru le  o f  l inear  programming models  o r  
the  va lue weighted ru le  fo r  compos i te  commodi t ies  (Haze l  I  and 
Nor ton,  1986) .  
The Impor tance o f  Homothet ic i ty  
In  conc lus ion fo r  th is  chapter ,  homothet ic i ty  p lays  a  major  
ro le  in  def in ing  exact  cons is tency in  aggregat ion .  Cons is tent  
aggregat ion  requ i res  res t r ic t ions  on techno logy or  pre ferences 
which are  essent ia l l y  equ iva lent  to  homothet ic i ty ;  homothet ic i ty  
i s  then o f ten  su f f i c ien t  fo r  cons is tent  aggregat ion .  Non-
homothet ic  aggregators  wh ich are  cons is tent  are  ava i lab le ;  
however ,  they  resu l t  in  aggregates  w i th  in terpre ta t ions  d i f fe r ing  
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f rom the "sum" o r  " to ta l "  or  "average"  needed in  resource po l icy  
models  a t  the  aggregate  leve l .  
The next  chapter  rev iews the model ing  l i te ra ture  to  
i l lus t ra te  pragmat ic  a t tempts  to  bypass these s t r ingent  
aggregat ion  cond i t ions .  The four th  chapter  presents  some 
pragmat ic  ana ly t ica l  models  s imple  enough to  work  w i th  where 
gu ide l ines  fo r  min imiz ing the prob lem o f  cons is tency can be 
der ived.  Wi th  those models  the  impl ica t ions  o f  assuming 
cons is tent  aggregators  and proceed ing w i th  po l icy  ana lys is  can be 
shown.  A lso  the  impl ica t ions  o f  proceed ing w i th  incons is tent  
aggregators  can be compared.  
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CHAPTER I I I .  
APPROXIMATIONS TO IDEAL SECTOR POLICY PROGRAMMING MODELS 
The prev ious chapters  h in ted a t  but  d id  not  make i t  c lear  
tha t  the  focus o f  th is  s tudy i s  on programming ra ther  than on 
o ther  types o f  models .  Econometr ic  models  a re  re fer red to  on ly  
as  needed such as  in  cases where they  supp ly  parameters  fo r  the  
programming models .  Mathemat ica l  p rogramming models  (MPs)  a re  
o f ten  favored fo r  natura l  resource po l icy  ana lys is  over  
econometr ic  models  because o f  severa l  reasons.  MPs may be 
spec i f ied  to  exp l ic i t l y  account  fo r  the  opt imizat ion  behav ior  o f  
ind iv idua l  produc ing,  consuming and po l icy  mak ing un i ts  a t  
whatever  degree o f  de ta i l  tha t  i s  des i red.  MPs a l low inc lus ion 
o f  vas t  resource data  de ta i l :  spat ia l ,  tempora l ,  p roducer  c lass ,  
resource qua l i ty ,  e tc .  MPs can a lso  be se t  up to  inc lude the 
des i red degree o f  r igor  w i th  regard  to  micro  economic  theory ;  
however ,  there  i s  genera l ly  a  requ i red t radeof f  between 
theore t ica l  r igor  and de ta i l  in  o ther  areas.  Most  impor tant ly ,  
th rough the use o f  eng ineer ing  cos t  and o ther  data ,  MPs a l low 
inc lus ion o f  new opt ions  fo r  producers ,  consumers  and po l icy  
makers  wh ich  have not  been seen h is tor ica l ly  and fo r  which data  
do no t  ex is t .  
For  the  type o f  resource po l icy  ana lys is  addressed here  
there  are  severa l  d is t inc t  d isadvantages to  us ing econometr ic  
models  (Nor ton and Sch ie fer ,  1980a) :  in  mul t i -p roduct  and/or  
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mul t i - reg iona l  s i tua t ions  there  are  insuf f ic ien t  degrees o f  
f reedom to  es t imate  a l l  des i red parameters ;  the  econometr ic  
es t imates  are  on ly  va l id  over  a  range o f  h is tor ica l ly  exper ienced 
var ia t ion  which usua l ly  d i f fe rs  f rom the po l icy  env i ronment  under  
quest ion ;  the  models  cannot  account  fo r  inequa l i ty  const ra in ts  
such as  fo r  excess land;  and they  do not  have the  capac i ty  to  
prov ide much complementary  in format ion  on movement  o f  o ther  
var iab les  o f  in teres t  in  the prob lem.  
There  are  a lso  weaknesses in  the  use o f  programming models ,  
some o f  wh ich  are  addressed in  th is  s tudy (Shumway and Chang,  
1977) .  The data  and manpower  requ i rements  and computer  capac i ty  
are  genera l ly  la rge fo r  nat iona l  o r  reg iona l  models  compared to  
less  deta i led  (more aggregated)  econometr ic  models .  Wi th  l inear  
models  the  curse o f  d imens iona l i ty  i s  encountered when non- l inear  
re la t ionsh ips  are  approx imated or  when combinator ia l  types o f  
opt ions  ex is t  (such as  where 16 types o f  t i l lage for  10 ro ta t ions  
on 24 landgroups in  105 reg ions are  modeled fo r  a  nat ion) .  Wi th  
non- l inear  models  cur rent  computa t iona l  capac i ty  l im i ts  the scope 
to  re la t ive ly  few var iab les  and ra ther  s imple  re la t ionsh ips .  MPs 
r igorous ly  honor  the  "marg ina l i ty "  cond i t ions  o f  opt imizat ion  and 
s ince models  are  abst rac t ions  o f  rea l i ty  and inc lude on ly  a  
subset  o f  the  const ra in ts  dec is ion  makers  ac tua l ly  face they w i l l  
genera l ly  g ive  a  more "e f f i c ien t "  so lu t ion  than can the economy.  
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The natura l  resource po l icy  models  wh ich  th is  s tudy evo lves  
around are  pr imar i ly  used to  eva luate  po l ic ies  and opt ions  not  
seen in  the past .  Po l ic ies  are  represented in  an MP by  new 
ac t iv i t ies ,  new const ra in ts ,  r igh t -hand s ide changes o r  fac tor  
supp ly  and product  demand modi f ica t ion  (McCar l  and Spreen,  1980) .  
For  example ,  new ac t iv i t ies  can represent  the  new techno logy 
ar is ing  f rom sponsored research or  ex tens ion;  economic  
deve lopment  p ro jec ts  can augment  ava i lab le  resources;  quotas ,  
subs id ies ,  ta r r i f fs ,  e tc . ,  can a f fec t  supp ly  and demand;  and laws 
can take the form o f  const ra in ts .  
Wi th  regard  to  new const ra in ts  represent ing  po l icy  
prov is ions  severa l  au thors  have warned tha t  the  d is t inc t ion  
between const ra in ts  as  ac tua l  l im i ta t ions  seen by  the  ind iv idua l  
dec is ion  makers  and as  po l icy  goa l  ta rgets  must  be care fu l ly  
cons idered (Haze l  I  and Nor ton,  1986;  McCar l  and Spreen,  1980) .  
The so lu t ion  w i l l  r igorous ly  honor  the  const ra in ts  hence the i r  
use must  be res t r ic ted to  ac tua l  impos i t ions  on ind iv idua l  
behav ior .  Otherwise,  the  model  meets  the  const ra ined po l icy  goa l  
as  i f  one nat iona l  dec is ion  maker  were  in  p lace and the  ana lys t  
i s  le f t  w i th  no knowledge o f  what  the  producers  and consumers  
wou ld  ac tua l ly  have done w i th  regard  to  the goa l .  
Many o f  the  h is tor ica l  MP model  spec i f i ca t ions  rea l ly  look  
l i ke  one g iant  fa rm model  and s imula te  the  ent i re  agr icu l tu ra l  
sec tor  as  i f  i t  were under  the  cont ro l  o f  one dec is ion  maker .  
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Most  o f  the  cos t  min imizat ion  app l ica t ions  have been made as  i f  
the  agr icu l tu ra l  sec tor  were in  a  long run compet i t i ve  
equ i l ib r ium which impl ies  p ro f i t  max imizers  ac t  as  i f  they are  
min imiz ing the  average cos t  o f  product ion .  Assuming such a  
scenar io  impl ies  the  models  are  inappropr ia te  fo r  po l icy  ana lys is  
where p ro f i t  incent ives  are  invo lved.  The assumpt ion o f  one 
dec is ion  maker  has a lso  o f ten  been imp l ic i t l y  invoked in  these 
long run cos t  min imizat ion  and in  o ther  c lasses o f  models  w i th  
the  impos i t ion  o f  po l icy  goa ls  in  the form o f  const ra in ts  (Haze I  I  
and Nor ton,  1986) .  
Idea l ly ,  the  MP models  shou ld  have represented the 
aggregat ive  e f fec t  o f  a l l  the  ind iv idua l  producers  and consumers  
in  the economy.  In  ac tua l i ty ,  const ra in ts  imposed by  data  
ava i lab i l i t y ,  computa t iona l  capac i ty  and research budgets  have 
resu l ted  in  more s impl is t ic  models .  
A b r ie f  rev iew o f  how economic  ana ly t ica l  too ls  are  formed 
and where weakness occurs  shows in  genera l  where  a  s t ruc tured 
h ierarch ica l  sys tem o f  programming models  cou ld  make a  
cont r ibu t ion  to  more idea l  sec tor  po l icy  ana lys is .  In  the f i rs t  
s tep,  a  comple te  conceptua l  model  o f  how the  economy works  and 
how po l icy  in tervent ion  impacts  occur  i s  fo rmula ted.  Second,  an 
economic  ana ly t ica l  too l  o r  model  i s  chosen to  approx imate  the  
conceptua l  model .  Th i rd ,  the  const ra in ts  imposed by  data  
ava i lab i l i t y ,  computa t iona l  capac i ty ,  and research budget  resu l t  
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in  the  chosen ana ly t ica l  too l  be ing s impl i f ied .  The b iggest  
s impl i f i ca t ion  in  programming models  i s  usua l ly  because increases 
in  model  de ta i l  must  come a t  the  expense o f  capac i ty  to  determine 
s imul taneous ly  both  pr ices  and quant i t ies .  Cur rent  approaches o f  
overcoming these const ra in ts  invo lve  independent ly  address ing 
segments  o f  the  overa l l  resource po l icy  prob lem wi th  un l inked 
models  o f  very  d i f fe rent  nature .  
Large deta i led  l inear  programs (LP) ,  respec i f ied  fo r  each 
d i f fe rent  se t  o f  p r ices  and genera l ly  lack ing in  input  and 
product  subst i tu tab i I i t y ,  non- l inear  programs (NLP> wh ich  can 
determine both  pr ices  and quant i t ies  but  have more l im i ted  
capac i ty  fo r  d isaggregat ion ,  and l inear  s imula ted non- l inear  
fo rmula t ions  w i th  LPs (a lso  w i th  l im i ted  capac i ty  fo r  
d isaggregat ion)  have been used (Takayama and Judge,  1971;  Heady 
and Sr ivas tava,  1975;  Meis ter  e t  a l . ,  1978;  Nor ton and So i ls ,  
1983;  and Haze l  I  and Nor ton,  1986) .  These approaches o f ten  
resu l t  in  incons is tent  es t imates  o f  impacts  on p r ices ,  quant i t ies  
and we l fa re  measurements .  In  some cases the  f ina l  ana ly t ica l  
too l  g ives  resu l ts  tha t  are  even qua l i ta t ive ly  d i f fe rent  than 
would  be pred ic ted by the  conceptua l  model .  In  any case 
va l ida t ion  o f  these models  i s  a  d i f f i cu l t  prob lem in  i t se l f  
lead ing to  quest ion  o f  c red ib i l i t y  o f  the  resu l ts  (Nugent ,  1970;  
McCar l  and Ap land,  1986;  and Haze l  I  and Nor ton,  1986) .  
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Linear  programming models  can be s t ruc tured to  capture  
near ly  any economic  behav ior  g iven computer  capac i ty  and 
techn ica l  sk i l l  (o r  i f  deta i l  in  some o ther  area can be t raded 
o f f ) .  Examples  are  cos t  min imizat ion ,  p ro f i t  max imizat ion ,  
surp lus  max imizat ion  (or  market  ren t  min imizat ion) ,  genera l  
equ i l ib r ium and o ther  spec ia l  app l ica t ions .  Non- l inear  
programming (NLP)  models  capture  some aspects  o f  the  po l icy  
prob lem more e f f i c ien t ly  than do LPs but  a  lo t  o f  de ta i l  must  be 
g iven up in  o ther  areas.  
A l l  o f  the  models  rev iewed be low represent  some sor t  o f  
aggregat ion  process and inc lude a  se t  o f  behav iora l  assumpt ions.  
The quest ion  need ing answered i s  how fa r  these approx imat ions  
dev ia te  f rom rea l i ty .  Note  tha t  there  are  two aspects  to  th is  
prob lem.  F i rs t ,  the  model  may have some theore t ica l  weaknesses 
wh ich  resu l t  in  inaccura te  es t imates .  Second ly ,  the  model  may 
have a  cor rec t  spec i f i ca t ion  but  be suppor ted by  weak empi r ica l  
da ta .  The genera l  focus o f  th is  rev iew is  on the  theore t ica l  
aspects  s ince empi r ica l  da ta  and resources are  lack ing fo r  
empi r ica l  compar isons and tes ts .  
Exce l len t  rev iews o f  the  use o f  programming models  fo r  
agr icu l tu ra l  po l icy  ana lys is  are  g iven in  Nor ton and Sch ie fer  
(1980a and 1980b>,  McCar l  and Spreen (1980)  and Haze I  I  and Nor ton 
(1986) .  In  par t icu lar  McCar l  and Spreen focus on the  
microeconomic  foundat ions ,  the  embodied theore t ica l  aggregat ion  
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processes and in terpre ta t ion  o f  the  ob jec t ive  func t ion  fo r  sec tor  
programming models .  
The ou t l ine  o f  th is  chapter  i s  as  fo l lows.  F i rs t ,  a  sec t ion  
on idea l  sec tor  programming models  versus rea l i ty  is  presented to  
i l lus t ra te  the need fo r  the deve lopment  o f  the  type o f  concepts  
addressed in  th is  s tudy.  Second ly ,  ind iv idua l  descr ip t ions  o f  
var ious  methods o f  approx imat ion  to  the idea l  sec tor  model  w i l l  
be g iven.  These descr ip t ions  w i l l  be accompanied by  a  c r i t ique 
in  terms o f  the  cons is tency cond i t ions  presented in  ear l ie r  
chapters .  F ina l ly ,  a  conc lus ions sec t ion  i s  g iven.  
Idea l  Sector  Models  as  Cont ras ted to  Rea l i ty  
Even though programming models  have been used in  
agr icu l tu ra l  po l icy  ana lys is  fo r  more than 30 years ,  be t te r  
approx imat ions  o f  the  sec tor 's  economic  ac t iv i ty  are  s t i l l  
searched fo r .  McCar l  and Spreen (1980)  ou t l ine  the theore t ica l  
reasons fo r  use o f  aggregate  programming models  in  sec tor  po l icy  
ana lys is .  Par t icu lar ly  re levant  to  th is  s tudy i s  the i r  
de f in i t ion  o f  a  "pr ice  endogenous"  programming model  (page 90) :  
"We may now s ta te  the under ly ing  premise fo r  the aggregate  
model .  The product ion  leve l  o f  each ac t iv i ty  shou ld  be 
determined by  the  f i rs t  order  cond i t ions  w i th  which an 
ind iv idua l  producer  w i l l  se lec t  h is  product ion  leve l .  
Add i t iona l ly ,  demand and supp ly  re la t ions  shou ld  be 
inc luded.  Th is  leads to  an aggregate  model  where in  
par t ic ipants  ind iv idua l ly  behave as  smal l  compet i t i ve  un i ts ,  
ye t  co l lec t ive ly ,  p r ice  and quant i ty  are  endogenous. "  
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A fu l l y  idea l  agr icu l tu ra l  sec tor  po l icy  model  inc ludes the 
fo l lowing f i ve  i tems (Haze l  I  and Nor ton,  1986,  page 136-137) :  
1 .  A descr ip t ion  o f  producer 's  economic  behav ior ,  i .e . ,  the i r  
dec is ion  ru les .  
2 .  A descr ip t ion  o f  the  techno logy or  product ion  func t ions  
ava i lab le  to  the producers .  
3 .  A de f in i t ion  o f  the  resources cont ro l led  by  the  producers .  
4 .  A spec i f i ca t ion  o f  the  market  env i ronment  the  producers  ex is t  
in ,  and 
5 .  A spec i f i ca t ion  o f  the  po l icy  env i ronment  o f  the  sec tor .  
Obv ious ly  t radeof fs  ex is t  between these f i ve  components ,  
i .e . ,  more de ta i l  on the  ava i lab le  techno logy l im i ts  the deta i l  
a l lowable  in  the market  spec i f i ca t ion .  How to  best  address  each 
o f  these f i ve  po in ts  fo r  any par t icu lar  po l icy  ana lys is  depends 
on ava i lab le  model  deve lopment  and app l ica t ion  budget ,  
ava i lab i l i t y  o f  data  and o ther  resources,  and on the  quest ions  
need ing answered.  
The spec i f i c  model  rev iews g iven la ter  in  th is  chapter  show 
tha t  in  genera l  there  are  t radeof fs  between the  f i ve  components  
and tha t  inc lus ion o f  a l l  in  one model  may be in feas ib le .  
Genera l ly  economis ts  have re l ied  on the  techn ique o f  spec i fy ing  a  
s ing le  la rge model  fo r  a  par t icu lar  ana ly t ica l  task .  Wi th  th is  
approach ana ly t ica l  capac i ty  has been a  l im i t  to  the  a l lowable  
scope and de ta i l  o f  the  model .  Cont rary  e f fo r ts  have inc luded 
e i ther  decompos i t ion  o f  the  la rge model  in to  severa l  smal l  ones 
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or  use o f  severa l  non- formal  I  y  l inked models .  For  e i ther  o f  
these methods to  work  such s t r ic t  aggregat ion  cons is tency 
cond i t ions  are  needed tha t  the  ana lys is  i s  near ly  use less ,  A 
h ie rarch ica l  sys tem cou ld  be an improvement  over  these past  
approaches.  
Of ten good models  are  deve loped fo r  a  spec i f i c  or  genera l  
purpose and then app l ied  to  whatever  po l icy  quest ion  tha t  happens 
to  come a long v ia  ad hoc s t ruc tura l  changes.  As noted ear l ie r ,  
care  must  be taken in  spec i fy ing  the const ra in t  se t  o f  the  model  
to  separa te  out  po l icy  goa ls  f rom the rea l  const ra in ts  fac ing 
dec is ion  makers .  Wi th  po l icy  const ra in ts  inc luded,  the  model  
w i l l  g ive  a  techno log ica l ly  feas ib le  so lu t ion  but  no ind ica t ion  
o f  the  type and leve l  o f  economic  incent ives  requ i red to  get  
vo luntary  ach ievement  o f  the  goa ls  w i l l  be ava i lab le .  The 
po l ic ies  must  be incorpora ted in to  the  model  in  such a  manner  
tha t  the  model  c r i te r ion  funct ion  reacts  the  same as  do rea l  
wor ld  producers .  
The rea l  const ra in ts  faced by  economis ts  have resu l ted  in  
three weaknesses w i th  the ex is t ing  model ing  f rameworks  and 
app l ica t ions .  F i rs t ,  the  cur rent  models  a re  weak ly  spec i f ied  as  
to  the dec is ion  makers  and what  var iab les  they can cont ro l .  As 
an example ,  there  are  rea l ly  a t  leas t  th ree d i f fe rent  groups o f  
dec is ion  makers  invo lved in  so i l  and water  po l icy .  The Nat iona l  
Conservat ion  Program (NCP) ,  the  Agr icu l tu ra l  Conservat ion  Program 
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(ACP> and o ther  po l ic ies  are  admin is tered by  nat iona l  
admin is t ra tors  who lobby fo r  a  nat iona l  budget ,  de termine 
nat iona l  p r io r i t ies  and a l locate  funds to  s ta te  o f f i ces .  Sta te  
admin is t ra tors ,  w i th  recommendat ions  f rom loca l  po l i t i ca l  groups,  
p lan  s ta te  programs g iven the budget  a l locat ions  and p r io r i t ies  
coming f rom the nat iona l  o f f i ce .  F ina l ly ,  the  producers ,  who are  
u l t imate ly  respons ib le  fo r  implement ing  conservat ion  measures ,  
a re  seek ing to  max imize p ro f i ts  ra ther  than min imize 
env i ronmenta l  degradat ion .  The economic  env i ronment  in  which 
dec is ions  are  taken,  the  var iab les  to  be max imized (or  min imized)  
and the  const ra in ts  faced are  d i f fe rent  fo r  each se t  o f  ac tors .  
The cur rent  model  spec i f i ca t ions  where i t  is  impl ic i t l y  assumed 
tha t  one dec is ion  maker  has to ta l  cont ro l  can ind ica te  a  
phys ica l ly  and b io log ica l ly  feas ib le  outcome.  However ,  i t  rare ly  
g ives  an ind ica t ion  o f  the  economic  measures  requ i red to  ach ieve 
the  des i red nat iona l  p lanner 's  goa ls  g iven the d iverse under ly ing  
dec is ion  func t ions  descr ibed here .  
Cand ler  e t  a l .  (1981)  no te  tha t  the  programming fo r  po l icy  
ana lys is  l i te ra ture  has in  genera l  fa i led  to  recogn ize  tha t  when 
a l l  var iab les  are  not  under  the  cont ro l  o f  one dec is ion  maker  
la rge er rors  may occur  by  assuming a  cent ra l  dec is ion  maker .  
Th is  c r i t i c ism app l ies  to  most  o f  the  models  rev iewed in  th is  
chapter .  
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In  add i t ion ,  po l icy  makers  have become more soph is t ica ted,  
search ing fo r  opt imal  po l ic ies  ra ther  than choos ing between 
feas ib le  opt ions .  Us ing cur rent  models  and eva luat ing  the 
severa l  feas ib le  a l te rnat ives  g ives  no ind ica t ion  whether  any one 
a l te rnat ive  is  c lose to  an opt imal  po l icy  or  no t .  For  f ind ing 
opt imal  po l ic ies  when the  cho ice  var iab les  and ob jec t ive  
funct ions  o f  the  po l icy  makers  are  d is t inc t ly  d i f fe rent  f rom 
those o f  the  economic  dec is ion  makers  a  two- leve l  model ing  e f fo r t  
i s  requ i red (Cand ler  e t  a l . ,  1981) .  Except  in  spec ia l ized 
s i tua t ions  the two- leve l  models  a re  d i f f i cu l t  to  app ly  and 
usua l ly  on ly  l im i ted  t rade-o f f  curves between the  goa ls  o f  the  
po l icy  makers  and o f  the  dec is ion  makers  are  poss ib le  (Cand ler  e t  
a l . ,  1981;  Nor ton and Sch ie fer ,  1980a) .  
Second ly ,  cur rent  nat iona l  so i l  and water  po l icy  models  are  
very  la rge.  They conta in  much de ta i l  in  the form o f  reg ions,  
resource types,  e tc . ,  and there  i s  l i t t le  capac i ty  le f t  fo r  
model ing  var ious  economic  dec is ion  behav ior  regard less  o f  wh ich  
ins t i tu t iona l  or  producer  behav ior  i s  cons idered.  S ince the 
economics  incorpora ted in  these models  i s  ra ther  l im i ted  the i r  
major  func t ions  are  more as  accumula tors  o f  in format ion  or  
account ing  dev ices .  They determine deta i led  resource a l locat ion  
and product ion  outcomes g iven some pre-spec i f ied  pr ice  or  
quant i ty  var iab les .  The prob lem wi th  th is  approach i s  tha t  the  
deta i led  outcomes o f  the  model  a re  not  necessar i l y  cons is tent  
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wi th  the pre-spec i f ied  in format ion .  For  example ,  i f  demand i s  
pre-spec i f ied  in  the model  as  quant i ty  and a  so lu t ion  found,  the  
imputed pr ices  coming out  o f  the  so lu t ion  do not  match the  
spec i f ied  quant i t ies  in  the or ig ina l  demand sys tem.  The overa l l  
resu l t  i s  tha t  these models  genera te  l i t t le  economic  in format ion  
tha t  was no t  a l ready known in  the model  deve lopment  phase.  
Idea l ly ,  the  models  shou ld  inc lude both  producers  and consumers  
ac t ing  as  i f  they are  compet i t i ve  pr ice  takers  and endogenous 
market  p r ices  dependent  on the  aggregate  dec is ions  o f  the  
ind iv idua l  producers  and consumers .  
Th i rd ,  s ince the Food Secur i ty  Act  o f  1985 came in to  be ing,  
conservat ion  and fa rm income and pr ice  suppor t  programs have 
become more in ter tw ined (Glaser ,  1986) .  Th is  has resu l ted  in  an 
increase o f  f inanc ia l  incent ives  fo r  producers  to  implement  
conservat ion .  The f inanc ia l  incent ives  fo r  conservat ion  depend 
to  some ex tent  on the  aggregate  and ind iv idua l  leve ls  o f  
conservat ion  a l ready app l ied  and the  nat iona l  commodi ty  demand-
supp ly  ba lances.  The admin is t ra tors  o f  the  commodi ty  p r ice  
programs (another  se t  o f  dec is ion  makers) ,  a re  a lso  now more 
heav i ly  invo lved in  ta rget ing  conservat ion  dec is ions .  A t tent ion  
i s  now focused on the  need to  re f lec t  producer  response in  
eva luat ing  conservat ion  and commodi ty  po l ic ies  which are  
in ter tw ined.  The presence o f  f inanc ia l  incent ives  assoc ia ted 
w i th  var ious  product ion  and conservat ion  opt ions  inva l ida te  the 
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assumpt ion o f  p ro f i t  max imizers  ac t ing  as  i f  they were min imiz ing 
average cos t .  
In  summary  there  are  severa l  fac tors  which imply  the  need 
fo r  a  more comprehens ive  po l icy  ana lys is  too l :  (1)  agr icu l tu ra l  
so i l  and water  po l icy  has become in ter tw ined w i th  commodi ty  p r ice  
and fa rm income suppor t  programs;  <2> cur rent  nat iona l  po l icy  
implementa t ion  invo lves  severa l  separa te  agenc ies  w i th  d i f fe r ing  
goa ls  and reg iona l  scope o f  in teres t ;  (3> na t iona l  po l ic ies  have 
prov is ions  and impacts  wh ich  vary  by  s ta te  and s ta te  po l icy  
makers  are  showing increased in teres t  in  so i l  and water  i ssues;  
(4> growing surp luses o f  commodi t ies  and excess government  budget  
de f ic i ts  may b r ing  lower  fa rm product  p r ices  and product ion  
pat terns  much d i f fe rent  than those observed in  the past ;  (5)  a  
growing rea l iza t ion  among po l icy  makers  tha t  there  are  
cont ro l lab le  var iab les  ava i lab le  which can be opt imized to  some 
degree;  and <G> increased computa t iona l  capac i ty  and theore t ica l  
deve lopments  in  the economic  theory  area o f  mul t i -s tage p lann ing 
and opt imizat ion  a l low more comprehens ive  approx imat ions  to  the 
agr icu l tu ra l  economy.  
The deve lopment  o f  one la rge model  to  inc lude a l l  the  
dec is ion  makers  and the i r  cont ro l  var iab les  fo r  cur rent  and 
fu ture  so i l  and water  po l icy  ana lys is  i s  e i ther  imposs ib le  o r  
p roh ib i t i ve ly  expens ive .  Approx imat ions  are  invar iab ly  
incons is tent .  The goa l  o f  th is  s tudy i s  not  so  much to  c r i t i c ize  
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ex is t ing  mode ls ,  wh ich  serve  we l l  fo r  the  ana lys is  o f  many  
po l i c ies ,  bu t  to  show where  improvements  to  meet  cu r ren t  and  
fu tu re  cha l lenges  o f  po l i cy  ana lys is  cou ld  be  made.  
Methods  o f  Approx imat ion  
Th is  sec t ion  o f  the  chapter  ou t l ines  and c r i t i ques  some 
common mode l  t ypes  used fo r  na tu ra l  resource  po l i cy  ana lys is .  
Even though the  cons is tency  and behav io ra l  weaknesses  a re  
emphas ized  i t  must  be  remembered  tha t  there  a re  good reasons  fo r  
the  deve lopment  and  use  o f  these  mode ls—bet te r  methods  a re  no t  
so  read i l y  fo r thcoming .  
Cos t  m in im iza t ion  s imu la t ion  o f  compet i t i ve  equ i l ib r ium 
The f i r s t  type  o f  mode ls  d iscussed a re  the  na t iona l  cos t  
m in im iza t ion  mode ls  deve loped by  Heady  and  assoc ia tes  s ta r t ing  in  
the  la to  1950s  (Heady  and  Sr ivas tava ,  1975) .  Ear ly  vers ions  o f  
these  mode ls  were  w ide ly  used fo r  inves t iga t ing  reg iona l  
compara t i ve  advantage,  excess  capac i ty  and  commodi ty  p rogram 
po l i c ies .  Dur ing  the  las t  decade vers ions  have  been used fo r  
so i l  and  water  po l i cy  ana lys is  w i th  commodi ty  p rogram ex is tence  
genera l l y  assumed away.  Cos t  m in im iza t ion ,  p ro f i t  max imiza t ion  
and equ i l ib r ium mode ls  o r ig ina t ing  w i th  Heady  have  a lso  been 
app l ied  in  po l i cy  ana lys is  fo r  deve lop ing  count r ies .  
These p rogramming mode ls  con ta in  ac t i v i t i es  represent ing  
p roduc t ion  and consumpt ion  in  the  economy;  however ,  these  
ac t i v i t i es  are  genera l l y  fo rmed as  aggregates  over  ind iv idua l  
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dec is ion  un i ts .  The method o f  aggregat ing  the  ind iv idua l  
dec is ion  un i ts  has  g rea t  in f luence  on  how the  mode l  ouput  shou ld  
be  in te rp re ted .  Aggregat ion  in  these  mode ls  invo lves  add ing  up  
a i l  the  resources  o f  a l l  the  fa rms in  each  reg ion .  The resources  
assumed to  be  most  l im i t ing  or  impor tan t  to  the  ana lys is  become 
cons t ra in ts  to  a  la rge  reg iona l  s ize  fa rm wh i le  the  o ther  
resources  a re  assumed never  b ind ing  and have  the i r  user  fees  
inc luded in  each  ac t i v i t y  ob jec t i ve  func t ion  coe f f i c ien t .  A 
p roduc t ion  poss ib i l i t i es  se t  i s  de f ined  to  inc lude  a l l  the  
impor tan t  p rocesses  o f  the  reg ion  as  ac t i v i t i es .  The resource  
use  and cos t  coe f f i c ien ts  o f  these  ac t i v i t i es  represent  a  
we igh ted  average o f  those  o f  the  var ious  fa rms in  the  reg ion .  
Note  tha t  th is  spec i f i ca t ion  loses  the  spec ia l i za t ion  
charac te r i s t i cs  o f  the  ind iv idua l  fa rms.  I t  is  imp l i c i t l y  
assumed,  fo r  cons is ten t  aggregat ion ,  tha t  a l l  the  fa rms have  
iden t i ca l  homothe t i c  techno logy .  The reg ion  as  a  who le  then  
exh ib i t s  homothe t i c i t y .  Hence,  no  fa rm leve l  resu l ts  o r  
imp l i ca t ions  are  fo r thcoming  f rom these  mode ls .  
The demand leve ls  wh ich  the  mode l  i s  cons t ra ined  to  produce 
a re  genera l l y  ob ta ined  as  the  ou tpu t  o f  a  more  aggregated ,  more  
genera l  equ i l ib r ium type  o f  mode l .  A  bas ic  cons is tency  check  fo r  
these  cos t  m in im iza t ion  mode ls ,  whether  o r  no t  the  
charac te r i s t i cs  o f  the  so lu t ion  sa t i s fy  the  cond i t ions  o f  the  
compet i t i ve  equ i l ib r ium so lu t ion ,  genera l l y  fa i l s .  In  
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par t i cu la r ,  the  shadow p r i ces  on  the  demand cons t ra in ts  do  no t  
match  the  equ i l ib r ium commodi ty  p r i ces  in  the  assoc ia ted  mode l  
sys tem wh ich  genera ted  the  demand leve ls .  
Accord ing  to  S i lberberg  (1974) ,  i n  a  compet i t i ve  long  run  
equ i l ib r ium f i rms  ac t  as  i f  they  a re  average cos t  min im izers  and 
hence can  be  mode led  as  such .  However ,  mos t  po l i cy  ana lys is  
cannot  be  done under  the  long  run  equ i l ib r ium assumpt ion  s ince  
the  po l i c ies  be ing  cons idered  invo lve  shor t  run  p ro f i t  incen t i ves  
and quant i t y  changes  a re  unknown.  In  add i t ion ,  the  mode ls  
genera l l y  con ta in  enough cen t ra l  i ns t i tu t iona l  cons t ra in ts  tha t  
the  so lu t ion  i s  more  l i ke  a  "na t iona l  p lanner ' s "  ou tcome than  one 
o f  a  genera l  compet i t i ve  equ i l ib r ium na tu re .  
The la tes t  vers ion  o f  these  cos t  m in im iza t ion  mode ls  i s  the  
cur ren t  Agr icu l tu ra l  Resource  In te r reg iona l  Mode l ing  Sys tem 
(ARIMS)  (Rober tson  e t  a l . ,  1987) .  ARIMS i s  fa i r l y  representa t i ve  
o f  o ther  na t iona l  resource  po l i cy  mode ls .  ARIMS was  deve loped by  
the  So i l  Conserva t ion  Serv ice  (SCS)  and  Center  fo r  Agr icu l tu ra l  
and  Rura l  Deve lopment  (CARD)  fo r  the  1980 and 1985 Resource  
Conserva t ion  Ac t  Appra isa ls .  ARIMS i s  a  na t iona l  in te r - reg iona l  
cos t  m in im iza t ion  LP mode l  w i th  suppor t ing  da ta  se ts  and some 
economet r i c  p ro jec t ions  o f  coe f f i c ien ts  fo r  fu tu re  scenar ios .  
The most  l im i t ing  aspec ts  o f  ARIMS fo r  a  sec to r  ana lys is  
too l  a re  f i xed  inpu t /p roduc t  ra t ios ,  per fec t l y  in -e las t i c  p roduc t  
demand,  per fec t l y  e las t i c  fac to r  supp ly  (except  fo r  land  and 
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water  wh ich  a re  f ree ly  ava i lab le  up  to  a  cer ta in  po in t  and  
unava i lab le  therea f te r ) ,  l im i ted  inpu t  subs t i tu t ion  poss ib i l i t i es  
v ia  a l te rna t i ve  c rop  ro ta t ions  and cu l tu ra l  methods ,  y ie lds  
inc reas ing  due to  techno logy  independent  o f  inpu t  leve ls  and the  
assumpt ion  o f  one  dec is ion  maker  w i th  comple te  knowledge and 
con t ro l  ( imp l i c i t l y  invoked v ia  the  po l i cy  goa l  cons t ra in ts ) .  
Methods  to  overcome these  l im i ta t ions  in  LPs ex is t  bu t  the  
requ i rement  to  car ry  vas t  quant i t ies  o f  resource  and techno logy  
de ta i l  i n  ARIMS p rec lude  the i r  use .  I t  i s  a lso  the  s tandard  case  
w i th  MPs tha t  when commodi ty  p r i ce  e las t i c i t i es  o r  fac to r  
subs t i tu tab i I i t i es  are  mode led  the  combina to r ia l  d imens ions  
qu ick ly  become unmanageab le .  
Other  cos t  m in im iza t ion  mode l  app l i ca t ions  inc lude  Tay lo r  e t  
a l .  <1977) ,  U .  S .  EPA (1976) ,  Tay lo r  and  Swanson (1975)  and  
Rov insky  and Re iche Ider fe r  (1979) .  The ou tcomes fo r  cos t  
m in im iza t ion  and surp lus  max imiza t ion  a re  compared  in  Tay lo r  e t  
a l .  (1977) .  Cos t  m in im iza t ion  mode ls  con ta in  good resource  and 
techno logy  spec i f i ca t ion  bu t  p roducer  behav io r ,  marke t  
env i ronment  and  po l i cy  capac i ty  a re  weak .  For  these  mode ls  a  
demand vec to r  i s  usua l l y  chosen and he ld  f i xed  regard less  o f  how 
much imputed  p r i ces  change as  po l i ces  a re  imp lemented .  Hence,  
we l fa re  impac ts  o f  the  po l i c ies  are  b iased  (Tay lo r  e t  a l . ,  1977) .  
51 
Bes ides  the  behav io ra l  spec i f i ca t ion  prob lems,  these  mode ls  
cannot  be  guaran teed  to  be  cons is ten t .  The LP aggregat ion  
cond i t ions  g iven  in  the  p rev ious  chapter  a re  no t  genera l l y  
sa t i s f ied  by  empi r i ca l  da ta .  In  genera l  the  methods  o f  
aggregat ion  chosen have  depended more  on  da ta  ava i lab i l i t y  and 
ease  o f  coe f f i c ien t  deve lopment  than  on  aggregat ion  theorems.  An 
even worse  p rob lem occurs  where  the  da ta  co l lec t ion  reg ions  o r  
c lass i f i ca t ions  do no t  match  the  mode l  c lass i f i ca t ions .  To 
overcome th is  da ta  shor tcoming ,  we igh ted  averages  a re  fo rmed.  As  
s ta ted  by  Haze l  1 and  Nor ton  (1986,  page 145) :  "aggregat ion  b ias  
i s  a lways  in  an  upward  d i rec t ion ;  i t  overs ta tes  resource  mob i l i t y  
by  enab l ing  fa rms to  combine  resources  in  p ropor t ions  no t  
ava i lab le  to  them ind iv idua l l y ,  and  i t  car r ies  the  imp l i c i t  
assumpt ion  tha t  a l l  o f  the  aggregated  fa rms have  equa l  access  to  
the  same techno log ies  o f  p roduc t ion . "  Va l id i t y  tes ts  have  shown 
ARIMS to  be  approx imate ly  12  percen t  more  e f f i c ien t  than  rea l i t y  
(Rober tson  e t  a l . ,  1987) .  S im i la r  resu l ts  were  found fo r  o ther  
la rge  sca le  programming mode ls  (Egber t  and  K im,  1975) .  
P ro f i t  max imiza t ion  
Pro f i t  max imiza t ion  mode ls  a l low exp l i c i t  inc lus ion  o f  
po l i cy  (and  o ther )  d is to r t ions  expec ted  to  cause  a  non­
compet i t i ve  equ i l ib r ium so lu t ion  (such  as  commodi ty  subs id ies )  
(Heady  and  Sr ivas tava ,  1975) .  However ,  p r i ces  a re  usua l l y  he ld  
cons tan t  and  aga in  the  we l fa re  impac ts  a re  b iased  jus t  as  in  the  
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cos t  m in im iza t ion  case  (Tay lo r  e t  a l . ,  1977) .  I f  p r i ces  are  no t  
he ld  cons tan t  v ia  inc lus ion  o f  demand curves ,  the  imp l i c i t  
assumpt ion  i s  tha t  the  producers  have  monopo ly  power .  Near ly  a l l  
o f  the  cos t  m in im iza t ion  mode l  d iscuss ion  g iven  above w i th  regard  
to  cons is tency  a lso  app ly  to  reg iona l  and  na t iona l  p ro f i t  
max imiza t ion  mode ls .  In  par t i cu la r ,  the  method o f  fo rming  the  
aggregates  i s  the  same as  exp la ined  fo r  the  cos t  m in im iza t ion  and 
the  same weaknesses  occur .  
Surp lus  max imiza t ion  (o r  marke t  ren t  min im iza t ion)  
Surp lus  max imiza t ion  (Takayama and Judge,  1971)  o r  marke t  
ren t  m in im iza t ion  (Smi th ,  1963)  mode ls  inc lude  p r i ce  respons ive  
commodi ty  demand and  fac to r  supp ly  func t ions  and a re  capab le  o f  
de te rmin ing  a  spa t ia l  equ i l ib r ium fo r  p r i ccs  and quant i t ies  (see  
a lso  Me is te r  e t  a l . ,  1978) .  The p rob lem w i th  these  mode ls  i s  
tha t  resource  and techno logy  de ta i l  mus t  be  g iven  up .  The 
methods  o f  incorpora t ing  the  p r i ce  respons ive  func t ions  inc lude  
l i near iza t ion  o f  the  re la t ionsh ips  and so lu t ion  as  an  LP,  
quadra t i c  p rogramming mode ls  under  the  assumpt ion  o f  l i near  
supp ly  and  demand,  and  p r i ce  endogenous  decomposab le  mode ls .  
Th is  type  o f  mode l  can  a lso  inc lude  non- l inear  fe r t i l i ze r  
response func t ions ,  e tc . ,  (as  can  the  cos t  m in im iza t ion  and 
p ro f i t  max imiza t ion  mode ls  w i th  the  p roper  cons t ruc t ion  
( l i near iza t ion)  o f  ac t i v i t i es ) .  Aggregates  a re  a lso  fo rmed in  
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the  same manner  as  fo r  the  cos t  and  p ro f i t  mode ls  and  the  same 
imp l i ca t ions  fo r  f i rm leve l  resu l ts  app ly .  
The p r inc ipa l  d i f f i cu l t ies  w i th  these  NLP mode ls  a re  
computa t iona l  capac i ty  cons t ra in ts  and an  overs ta tement  o f  
economic  e f f i c iency  in  some app l i ca t ions .  For  quadra t i c  mode ls  
even the  la rges t  computers  a re  taxed  and computa t iona l  cos ts  h igh  
fo r  mode ls  on ly  one- ten th  the  s ize  needed fo r  the  de ta i l  o f  
resource  po l i cy  ana lys is .  In  spa t ia l  equ i l ib r ium app l i ca t ions  
in f in i te ly  smal l  d i f fe rences  in  cos t  cause  very  la rge  t rade  f low 
d is rup t ions .  In  non-spa t ia l  app l i ca t ions  f lows  are  unknown,  the  
so lu t ion  g iv ing  on ly  f i na l  demand and  supp ly  by  reg ion .  
Fur ther  weaknesses  o f  these  quadra t i c  marke t  equ i l ib r ium 
mode ls  a re  tha t  the  demand and  supp ly  func t ions  incorpora ted  must  
be  independent  o f  sec to r  ac t i v i t y ,  i .e . ,  the  mode l  mus t  be  
par t ia l  equ i l ib r ium <McCar l  and  Spreen,  1980)  and  tha t  the  demand 
and  supp ly  func t ions  must  be  symmet r i c .  These  a re  v io la ted  i f  
the  sec to r  genera tes  enough income tha t  consumer  demand o r  fac to r  
supp ly  func t ions  are  sh i f ted .  Wi thou t  in tegrab i I i t y  (symmet ry )  
the  ob jec t i ve  func t ion  lacks  in te rp re ta t ion  f rom a  we l fa re  
s tandpo in t  as  the  max imiza t ion  o f  the  sum o f  p roducer  and  
consumer  surp lus  (a l te rna t i ve ly  the  min imiza t ion  o f  marke t  ren t ) .  
Wi th  l i near iza t ion  o f  the  surp lus  te rms (Haze l  I  and Nor ton ,  
1986)  incons is tency  i s  usua l l y  in t roduced.  The curse  o f  
d imens iona l i t y  i s  a lso  encountered  and very  few mode ls  have  been 
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spec i f ied  w i th  more  than  a  few endogenous  demand func t ions  and 
v i r tua l l y  no  c ross  p r i ce  e las t i c i t i es  o r  subs t i tu tab i I i t i es .  
S ince  non- l inear  mode ls  must  by  na tu re  (computa t iona l  
burden)  be  more  h igh ly  aggregated  than  in  the  l i near  case ,  the  
cons is tency  e r ro rs  a re  l i ke ly  to  be  h igher .  However ,  i n  a  
theore t i ca l  example ,  the  oppos i te  ou tcome was found by  Spreen and 
Takayama (1980) .  Spreen and Takayama were  compar ing  non- l inear  
func t ions  to  l i near  approx imat ions  o f  the  same;  the i r  ana lys is  
does  no t  g ive  gu ide l ines  fo r  dec id ing  on  the  sor ts  o f  ques t ions  
mode le rs  must  answer  such  as  leve l  o f  reg iona l  aggregat ion ,  
number  o f  d is t inc t  p roducer  c lasses ,  e tc .  
Hkbr id_s%stem5_of_Brogramming_and_eçongmet r l ç_mode ls  
An a t tempt  to  cap tu re  the  good aspec ts  o f  bo th  na t iona l  
commodi ty  equ i l ib r ium economet r i c  mode ls  and  de ta i led  na t iona l  
in te r reg iona l  LPs  in  one sys tem i s  the  hybr id  mode l  (Huang e t  
a l . ,  19130;  Lange I  y  e t  a l . ,  1981) .  Un fo r tuna te ly ,  ne i ther  the  
economet r i c  mode l  nor  the  LP used were  deve loped spec i f i ca l l y  fo r  
the  hybr id .  The LP so lu t ions  were  pu t  in to  the  economet r i c  mode l  
wh ich  then  gave  p r i ces  to  be  used in  the  nex t  i te ra t ion  o f  the  LP 
as  an  equ i l ib r ium was sought ,  and  so  on .  
The LP was  a  very  res t r i c t i ve  f i xed  coe f f i c ien ts  techno logy  
s im i la r  to  ARIMS and so  d id  no t  rea l l y  represent  the  p roducer  
responses  one wou ld  expec t  g iven  the  p r i ce  changes .  The 
economet r i c  mode l  was  t ime ser ies  da ta  based and i t s  supp ly  
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equat ions  d id  no t  cor respond to  the  techno logy  and p roducer  
behav io ra l  assumpt ions  o f  the  LP.  The amount  o f  ca l ib ra t ion  work  
needed fo r  every  ind iv idua l  po l i cy  ana lys is  app l i ca t ion  o f  the  
sys tem,  the  a r t i f i c ia l  f l ex ib i l i t y  cons t ra in ts  requ i red  to  
ach ieve  resu l t  cor respondence,  and  the  ad  hoc  so lu t ion  ad jus tment  
ru les  to  move towards  equ i l ib r ium l im i t  the  use fu lness  o f  th is  
approach .  The cons is tency  d iscuss ion  g iven  above fo r  cos t  
m in im iza t ion  and p ro f i t  max imiza t ion  mode ls  i s  a lso  app l i cab le  
here .  The economet r i c  mode l  was  more  h igh ly  aggregated  than  the  
LP by  perhaps  a  fac to r  o f  100  ( i .e . ,  one d is t inc t  p roduc ing  un i t  
in  the  economet r i c  mode l  fo r  each  100 in  the  LP) .  
DeçomBOsabie_modei_methods 
There  have  been th ree  bas ic  deve lopments  i n  decomposab le  
mode l  op t im iza t ion  re levan t  to  th is  s tudy :  (1 )  Dantz ig  and Wol fe  
<D-M> (1961)  decompose a  la rge  LP in to  a  ma in  and  sub-programs 
and i te ra te  in  a  g loba l  to  sec to r  p r i ce  d i rec t i ve  fash ion  un t i l  
the  sum o f  sub-program so lu t ions  sa t i s fy  g loba l  cons t ra in ts ;  (2 )  
Korna i  and  L ip tak  (K-L)  (1965)  and  Korna i  (1973)  in te rp re t  
decompos i t ion  as  mu l t i - leve l  p lann ing  where  a  cen t ra l  agency  
i te ra t i ve ly  a l loca tes  resources  to  sec to r  p lanners  un t i l  resource  
shadow p r i ces  a re  equated  across  sec to rs ;  (3 )  Hof  and  P ickens  (H-
P)  (1986)  (who c red i t  Bar t le t t  (1974)  and  Wong (1980)  w i th  the  
idea)  op t im ize  the  na t iona l  fo res t  p lann ing  prob lem by  compi l ing  
and so lv ing  one t ime a  g loba l  mode l  con ta in ing  a  des igna ted  
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number  o f  d isc re te  a l te rna t i ve  so lu t ions  f rom each sec to r  
p Iann  i  ng  mode I .  
The au thors  o f  the  D-W and K-L  approaches  p rove  convergence 
wh i le  H-P d id  no t .  Hof  and  P ickens  per fo rm a  number  o f  
compar isons  be tween a  comprehens ive  g loba l  mode l  and  the  bu i l t  up  
g loba l  mode l  fo r  a l te rna t i ve  numbers  o f  d isc re te  a l te rna t i ves  and 
in teger  versus  con t inuous  var iab le  so lu t ions  and ach ieved qu i te  
good resu l ts .  The D-W and K-L  approaches  a re  ra ther  r igorous  
f rom a  mathemat ica l  cons is tency  v iewpo in t  whereas  H-P a re  
admi t ted ly  no t .  App l i ca t ions  and f ine r  theore t i ca l  de ta i l  on  
bo th  the  D-W and K-L  approaches  a re  g iven  in  Goreux  and Manne 
(1973) ,  Korna i  (1973) ,  Goreux  (1977) ,  and  Nor ton  and Sch ie fe r  
(1980a) .  
Ku tcher  (1973)  documents  the  marke t  equ i l ib r ium s imu la t ing  
p r i ce  endogenous  decomposab le  mode l  se t  up  fo r  the  CHAC s tud ies  
in  Mex ico .  Th is  app l i ca t ion  was essent ia l l y  us ing  methods  
deve loped fo r  decomposab le  na t iona l  p lann ing  prob lems.  The 
method was  used on ly  fo r  i l l us t ra t ion  and tes ts  in  one reg ion  o f  
Mex ico  s ince  the  computer  ava i lab le  to  the  CHAC s tudy  was la rge  
enough to  so lve  the  en t i re  na t iona l  mode l  w i thou t  decompos i t ion .  
The method invo lved  Dantz ig -WoI fe  (1961)  decompos i t ion  w i th  
demand func t ions  spec i f ied  a t  the  na t iona l  leve l  and  supp ly  
res t ra in ts  a t  reg iona l  leve ls .  D i f f i cu l t ies  were  encountered  
un less  compos i te  ac t i v i t i es  invo lv ing  severa l  o r  most  commodi t ies  
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were  spec i f ied  a t  the  lower  leve ls  s ince  o therw ise  a  par t i cu la r  
commodi ty  wou ld  come i n  and ou t  o f  so lu t ion  as  the  sys tem 
i te ra ted  th rough a  sequence o f  p r i ces .  
From an  aggregat ion  v iewpo in t  the  same so r t  o f  cons is tency  
d iscuss ion  g iven  p rev ious ly  fo r  the  cos t  m in im iza t ion ,  p ro f i t  
max imiza t ion  and surp lus -equ i l ib r ium mode ls  app l ies  here .  In  
add i t ion ,  separab i l i t y  i s  requ i red  fo r  the  decompos i t ion  to  be  
va l  i d .  
The theore t i ca l  economic  and  mathemat ica l  cond i t ions  needed 
fo r  feas ib i l i t y ,  cons is tency ,  and  convergence in  decent ra l i zed  
p lann ing  a re  g iven  in  (Ma l invaud,  1967 and 1972) .  Decomposab le  
a lgor i thms fo r  a  non- l inear  p r i ce  d i rec t i ve  approach  a re  g iven  in  
(Geof f r ian ,  1970a>.  Some de ta i led  mode l  spec i f i ca t ion  and 
so lu t ion  a lgor i thms fo r  the  i te ra t i ve  approaches  o f  D-W and K-L  
have  been found (Baumol  and  Fab ian ,  1964;  Geof f r ian ,  1970a;  and  
B ia las  and Karwan,  1984) .  However ,  a  survey  o f  l i te ra tu re  by  
Nor ton  and Sch ie fe r  (1980a)  ind ica te  tha t  in fo rmat ion  exchange 
has  hampered  e f fo r ts  a t  ac tua l  imp lementa t ion  o f  na t iona l  mu l t i ­
leve l  p lann ing  mode l  op t im iza t ion .  A lso  bo th  mathemat ica l  and  
ins t i tu t iona l  d i f f i cu l t ies  remain  fo r  a l l  o f  these  approaches  
(Cand le r  e t  a l . ,  1981;  Nor ton  and Sch ie fe r ,  1980b) .  The 
techn ica l  d i f f i cu l t ies  posed fo r  so lu t ion  procedures  when lower  
leve l  op t im iza t ion  prob lems become cons t ra in ts  to  upper  leve l  
dec is ion  maker 's  cho ices  a re  descr ibed  in  Cand le r  e t  a l .  (1981) .  
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For  spec ia l i zed  cases  o f  mu l t i - leve l  p rogramming mode ls  some 
so lu t ion  a lgor i thms have  been deve loped (Bracken and McGi l l ,  1973 
and 1974;  Bracken e t  a l . ,  1974) .  
In  a  more  recen t  s tudy  par t i t i on ing  methods  have  been 
deve loped so  tha t  non-pyramida l  h ie ra rch ica l  dec is ion  mode ls  can  
be  so lved  w i th  the  techn iques  t rad i t iona l l y  used fo r  s tandard  
pyramid  type  s t ruc tu res  (Ruef l i  and  S to rbeck ,  1984) .  The 
par t i t i on ing  methods  a re  used to  group the  s imp lex  mu l t ip l ie rs ,  
o r  goa l  dev ia t ions ,  o r  o ther  coord ina te  in fo rmat ion  used in  the  
resource  o r  p r i ce  d i rec t i ve  so lu t ion  processes .  The example  
app l i ca t ion  fo r  the  techn ique  i s  in  a  th ree  (o r  more)  leve l  
h ie ra rch ica l  s t ruc tu re  where  the  subord ina te  leve l  th ree  prob lems 
a re  rece iv ing  in fo rmat ion  (usua l l y  goa l  leve ls )  f rom two o r  more  
superord ina te  leve l  two prob lems ( ra ther  than  f rom jus t  one) .  
The par t i t i on ing  cons is ts  o f  s imu l taneous ly  and  independent ly  
so lv ing  each  se t  o f  leve l  two un i t  p rob lems tha t  share  
coord ina t ion  o f  a  se t  o f  leve l  th ree  un i ts .  A se t  o f  we igh ts  to  
app ly  to  dev ia t ions  f rom the  superord ina te  goa ls  in  the  
subord ina te  mode ls  must  then  be  chosen so  tha t  so lu t ion  can 
p roceed the  same as  i n  a  s tandard  goa l  p rogramming app l i ca t ion .  
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Ibe_APMAA_aBBroaçh 
The Aggregat ive  Programming Mode l  o f  Aus t ra l ian  Agr icu l tu re  
(APMAA)  (Walker  and  D i l l on ,  1976;  and  Wicks  and  D i l lon ,  1978)  
u t i l i ze  l inear  programming mode l  so lu t ions  f rom many 
representa t i ve  fa rm s t ra t i f i ca t ions  as  da ta  fo r  economet r i c  
es t imat ions  o f  supp ly  response wh ich  a re  then  used fo r  po l i cy  
ana lys is .  Tes ts  and  compar isons  show good resu l ts  bu t  a  
t remendous  da ta  co l lec t ion ,  management  and  computa t iona l  cos t  i s  
invo lved .  For  500  s t ra t i f i ca t ions  and th ree  p roduc ts  w i th  f i ve  
p r i ce  s teps  each ,  500  t imes  125 representa t i ve  fa rm so lu t ions  
were  needed.  
For  th is  sys tem f i rm leve l  resu l ts  a re  ob ta inab le .  Each o f  
the  500 representa t i ve  fa rms cor responds  c lose ly  w i th  a  g roup  o f  
ac tua l  fa rms.  The resu l ts  o f  one  o f  the  fa rm mode ls  can  be  sa id  
to  s imu la te  the  resu l ts  fo r  any  one o f  the  fa rms in  the  
cor respond ing  g roups .  In  us ing  the  sys tem some s teps  were  taken  
to  account  fo r  pecun ia ry  ex te rna l i t i es  and in te rmed ia te  p roduc t  
t rad ing  be tween f i rms .  Hence,  na t iona l  par t ia l  equ i l ib r ium 
resu l ts  were  a lso  g iven .  
Economet r i ca l i j f_es t |mated_non- i |near_2ro9ramming 
A mode l  repor ted  by  Frohberg  and F ischer  <1985)  (see  a lso  
F ischer  and Frohberg ,  1982) ,  though too  h igh ly  aggregated  to  be  
o f  use  here ,  con ta ins  some concepts  re levan t  to  th in  s tudy .  
F i rs t ,  the  mode l  i s  an  economet r i ca I  I  y  es t imated  non- l inear  
60 
programming (NLP> mode l .  A  t ime ser ies  da ta  base  and economet r i c  
mode l  i s  used i te ra t i ve ly  w i th  a  NLP p roduc t ion  mode l  to  a r r i ve  
a t  coe f f i c ien ts  in  the  NLP such  tha t  a  good h is to r i ca l  s imu la t ion  
resu l ts .  Second ly ,  the  p roduc t ion  dec is ion  process  i s  d iv ided  
in to  s tages .  For  example ,  to ta l  fe r t i l i ze r  i s  f i r s t  de te rmined 
fo r  the  year .  The to ta l  f i xed  fe r t i l i ze r  i s  then  a l loca ted  among 
c rops .  Here  separab i l i t y ,  aggregat ion  and two-s tage  op t im iza t ion  
resu l ts  a re  used to  overcome the  fac t  tha t  to ta l  fe r t i l i ze r  da ta  
a re  ava i lab le  by  reg ion  bu t  no t  by  c rop .  F ina l l y ,  some p roduc ts  
and  inpu ts  a re  aggregated  be tween s tages  v ia  p r i ce  we igh ts .  
Endogenous  coe f f i c ien ts  w i th in  a  s tab le  bas is  
A recen t  p roposed programming mode l  improvement  inc ludes  
endogenous  coe f f i c ien ts  in  a  decomposed mixed  p r ima l -dua l  
approach  (Keyzer ,  1988) .  Under  the  assumpt ion  tha t  fo r  a  g iven  
po l i cy  o r  o ther  mode l  app l i ca t ion  the  bas is  o f  op t ima l  ac t i v i t i es  
remains  unchanged,  imputed  cons t ra in t  p r i ces  are  used to  
endogenous ly  op t im ize  over  poss ib le  va lues  o f  the  ac t i v i t y  
coe f f i c ien ts .  Var ious  po ten t ia l  uses  o f  th is  techn ique  have  been 
p roposed by  Keyzer  bu t  a re  s t i l l  in  the  deve lopment  s tage .  
Re la ted  to  th is  h ie ra rch ica l  mode l ing  approx imat ions  i s  the  
poss ib i l i t y  o f  a  f i r s t  s tage  prob lem to  f ind  the  bas is  fo l lowed 
by  second s tage  prob lem o f  ad jus t ing  the  techn ica l  coe f f i c ien ts  
to  ge t  p r i ce  cons is tency  fo r  resources  and o ther  cons t ra in ts .  
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Nat iona l  p lann ing  and endogenous  po l i cy  mode ls  
Another  face t  o f  p rogramming mode l  spec i f i ca t ion  i s  the  
p roper  method o f  po l i cy  op t im iza t ion  and in te rp re ta t ion .  The 
po l i cy  ana lys is  p rob lem i s  rea l l y  a  two- leve l  p rogramming 
p rob lem,  though most  researchers  do  no t  t rea t  i t  as  such  (Cand le r  
e t  a l . ,  1981) .  Po l i cy  makers  have  con t ro l  o f  on ly  a  few o f  the  
economic  var iab les  wh i le  ind iv idua l  p roducers  and  consumers  
con t ro l  the  remainder .  Ind iv idua ls  take  po l i cy  parameters  as  
be ing  f i xed  when mak ing  dec is ions  wh i le  po l i cy  makers  take  the  
po l i cy  parameter  dependent  ind iv idua l  response func t ions  as  
f i xed .  Due to  the  mathemat ica l  d i f f i cu l t y  o f  se t t ing  th is  a l l  up  
as  a  s ing le  prob lem ana lys ts  genera l l y  spec i fy  a  mode l  con ta in ing  
on ly  ind iv idua l  dec is ion  makers  and  then  parameter ize  over  some 
" reasonab le"  va lues  wh ich  a re  ava i lab le  to  the  po l i cy  makers .  
Th is  approach  fa i l s  to  de f ine  c lear ly  the  fu l l  range o f  var iab les  
under  the  con t ro l  o f  the  po l i cy  maker  and  what  the  op t imum cho ice  
migh t  be  g iven  a  po l i cy  maker  o r  a  soc ie ta l  u t i l i t y  func t ion .  
These mu l t i - leve l  a l te rna t i ve  dec is ion  maker  approaches  have  
no t  been w ide ly  app l ied .  The survey  o f  l i t e ra tu re  by  Nor ton  and 
Sch ie fe r  (1980a and 1980b> ind ica te  in fo rmat ion  exchange has  
hampered  e f fo r ts  a t  ac tua l  imp lementa t ion  o f  na t iona l  mu l t i - leve l  
p lann ing  mode l  op t im iza t ion  and tha t  bo th  mathemat ica l  and  
ins t i tu t iona l  d i f f i cu l t ies  remain  fo r  bo th  approaches .  The 
techn ica l  d i f f i cu l t ies  posed fo r  so lu t ion  procedures  when lower  
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l eve l  op t im iza t ion  prob lems become cons t ra in ts  to  upper  leve l  
dec is ion  maker 's  cho ices  a re  descr ibed  in  Cand le r  e t  a l .  <1981) .  
Goa l  p rogramming i s  one method o f  address ing  the  endogenous  
po l i cy  o r  p lann ing  prob lem ( fo r  example  see  Spronk  and 
Veenek laas ,  1983) .  Leve ls  o f  ou tcomes fo r  des i rab le  po l i cy  
measures  a re  p laced  s imu l taneous ly  in  the  mode l  i n  a  mu l t i -
ob jec t i ve  programming f ramework .  E f f i c ien t  se ts  o f  ou tcomes fo r  
the  po l i c ies  are  genera ted  such  tha t  one cannot  be  improved upon 
w i thou t  de t rac t ing  f rom one o r  more  o f  the  o thers .  Methods  o f  
accompl ish ing  th is  a re  ou t l ined  b r ie f l y  in  Spos i to  e t  a l .  (1988) .  
The theore t i ca l  economic  and  mathemat ica l  cond i t ions  needed 
fo r  feas ib i l i t y ,  cons is tency ,  and  convergence in  decent ra l i zed  
p lann ing  have  been g iven  (Ma l invaud,  1967 and 1972) .  
Decomposab le  a lgor i thms fo r  a  non- l inear  p r i ce  d i rec t i ve  approach  
a re  g iven  in  Geof f r ian  (1970a and 1970b) .  Some de ta i led  mode l  
spec i f i ca t ion  and so lu t ion  a lgor i thms fo r  the  i te ra t i ve  
approaches  o f  D-W and K-L  have  been found (BaumoI  and  Fab ian ,  
1964;  Geof f r ian ,  1970a;  and  B ia las  and Karwan,  1984) .  
H ie ra rçh iça i_sys tems 
H ie ra rch ica l  sys tems o f  mode ls  have  been w ide ly  used in  
na t iona l  and  reg iona l  p lann ing ;  these  inc lude  ad  hoc  sys tems o f  
mode ls  w i thou t  theore t i ca l l y  r igorous  l inkages  ( I sa rd  and 
Anse l  i n ,  1982;  Ba t ten  and Andersson,  1983;  I sa rd  and Smi th ,  1983;  
L iew and L iew,  1984;  and  Smi th ,  1986)  and  la rge  mode ls  
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decomposab le  in to  sub-prob lems (Korna i  and  L ip tak ,  1965;  
Ma l invaud,  1967;  Goreux  and  Manne,  1973;  Korna i  1975;  Goreux ,  
1977;  and  Nor ton  and Sch ie fe r ,  1980a) .  The  Hof  and  P ickens  
<1986> mode l  i s  a  compromise  be tween ad  hoc  and  r igorous  
approaches .  
The use  o f  h ie ra rch ica l  o r  mu l t i - leve l  p lann ing  and mode l ing  
fo r  a  s ing le  p roducer  o r  by  a  cen t ra l i zed  p lann ing  agency  has  
rece ived  a  lo t  o f  a t ten t ion ,  par t i cu la r l y  in  the  cen t ra l l y  
p lanned economies .  Example  s tud ies  a re  Chr is tensen and Obe l  
(1983)  and  Saaty  (1980) .  Success  fo r  marke t  economy based mode ls  
has  been more  l im i ted .  
Korna i  (1973)  ou t l ines  some d i f f i cu l t ies  in  p rac t i ca l  
app l i ca t ions  o f  mu l t i - leve l  sys tems o f  p rogramming mode ls  fo r  
p lann ing  (see  a lso  Cand le r  e t  a l . ,  1981) .  In fo rmat iona l  and  
empi r i ca l  d i f f i cu l t ies  seem to  be  enormous fo r  a  fu l l  sca le  
na t iona l  imp lementa t ion  o f  th is  sys tem (Nor ton  and Sch ie fe r ,  
1980a) .  
Cons is tency  th rough the  leve ls  o r  s tages  o f  a  h ie ra rch ica l  
sys tem and a l lowab le  mode l  s t ruc tu re  f rom a  so lu t ion  s tandpo in t  
a re  i ssues  tha t  must  be  addressed in  th is  s tudy .  The cons is tency  
i ssue  dea ls  p r imar i l y  w i th  aggregat ion  p rocedures  behav io ra l  
s imu la t ion  wh i le  the  so lvab i l i t y  i ssue  dea ls  w i th  mathemat ica l  
op t im iza t ion  prob lems assoc ia ted  w i th  chosen mode l  s t ruc tu res .  
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Some theore t i ca l  work  on  h ie ra rch ica l  cons is tency  fo r  
prob lems in  genera l  have  been repor ted  (Auger ,  1985a,  1985b,  and  
1986;  Graves ,  1982;  and  Ersch le r ,  Fon tan ,  and  Merce ,  1986) .  
Var ious  techn ica l  aspec ts  o f  se t t ing  up  and so lv ing  h ie ra rch ica l  
p rob lems have  been inves t iga ted  (Ward ,  1963;  Baumol  and  Fab ian ,  
1964;  We i l ,  1968;  F isher ,  1969;  Geof f r ian ,  1970b;  Dyer  and  
Walker ,  1982;  B ia las  and Karwan,  1984;  Bard ,  1985;  Burkard  e t  
a l . ,  1985;  and  Grana and Tor rea ldea ,  1986) .  
Conc lus ions  
I t  can be  seen tha t  any  o f  the  cur ren t  o r  pas t  p rogramming 
mode ls  on ly  par t l y  con ta in  the  components  o f  an  idea l  mode l .  
Expand ing  the  LP mode ls  to  more  fu l l y  s imu la te  the  agr icu l tu ra l  
sec to r  i s  imposs ib le  due to  computa t iona l  cons t ra in ts .  Other  
poss ib i l i t i es  such  as  quadra t i c  p rogramming,  se l f -dua l  mode ls ,  
hybr id  LP and economet r i c ,  and  pure  economet r i c  mode ls  a lso  face  
such  cons t ra in ts  and on ly  adequate ly  meet  some o f  the  idea l  
c r i te r ia  a t  the  expense o f  o thers .  
The ex is t ing  l i te ra tu re  on  aggregat ion  methods  o f  overcoming  
these  capac i ty  and  da ta  cons t ra in ts  genera l l y  requ i re  such  s t r i c t  
empi r i ca l  cond i t ions  o r  assumpt ions  as  to  render  the  ana lys is  
inva l id .  As  has  been shown in  the  l i te ra tu re  c i ted  in  th is  
chapter  most  decomposab le  o r  mu l t i - leve l  approaches  a lso  re ly  on  
s t r i c t  aggregat ion  o r  separab i l i t y  cond i t ions  wh ich  a re  no t  
suppor ted  by  empi r i ca l  observa t ion .  There  i s  a  scarc i t y  o f  
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l i t e ra tu re  on the  magn i tude  o f  ana lys is  e r ro r  when app l ied  
methods  ignore  the  s t r i c t  cond i t ions .  In  summary ,  though these  
s ing le  o r  in fo rma l l y  l i nked  mode ls  w i th  the i r  l im i ta t ions  may 
have  been appropr ia te  fo r  pas t  ana lyses  (and  s t i l l  do  a  good job  
fo r  many cu r ren t  po l i cy  ques t ions)  there  a re  severa l  fac to rs  
wh ich  imp ly  the  need fo r  a  more  comprehens ive  po l i cy  ana lys is  
too  I .  
Th is  rev iew o f  idea l  sec to r  mode l  approx imat ions  ind ica te  a  
w ide  range o f  behav io ra l  and  aggregat ion  spec i f i ca t ions .  A w ide  
range o f  mode ls  have  been used fo r  po l i cy  ana lys is  because there  
have  been a  w ide  range o f  ques t ions  need ing  answers  and  ava i lab le  
resources  fo r  ana lys ts  to  work  w i th .  A comprehens ive  fu l l y  idea l  
sec to r  mode l  i s  no t  needed fo r  a l l  po l i cy  ques t ions .  As  an  
example ,  i f  a  fe r t i l i ze r  tax  i s  expec ted  to  on ly  a l te r  
cu l t i va t iona l  and ro ta t iona l  on- fa rm prac t i ces  w i th  no  impac t  on  
e i ther  y ie lds  o r  marg ina l  cos ts ,  a  par t ia l  equ i l ib r ium mode l  i s  
no t  needed.  On the  o ther  hand a  compar ison  o f  the  t rade  de f i c i t  
e f fec ts  o f  two a l te rna t i ve  expor t  enhancement  po l i c ies  need no t  
inc lude  a  de ta i led  ana lys is  o f  so i l  e ros ion  impac ts  by  land  
c lass ,  e tc .  
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CHAPTER IV. 
ILLUSTRATIVE EXAMPLES OF INTER-MODEL CORRESPONDENCES AND 
CONSISTENCY 
S imp le  ana ly t i ca l  mode ls  a re  used to  i l l us t ra te  appropr ia te  
in te r -mode l  behav io ra l  cor respondences  fo r  max imiz ing  cons is tency  
be tween reg iona l  and  na t iona l  mode ls .  The  aggregat ion  
imp l i ca t ions  imp l i c i t  i n  the  examples  a re  d iscussed in  te rms o f  
exac t  aggregat ion  theorems and l i ke ly  empi r i ca l  fac ts  o f  mode l  
bu i ld ing .  From these  i l l us t ra t ions  the  imp l i ca t ions  o f  e i ther  
seek ing  o r  assuming  aggregat ion  cons is tency  a re  shown and a  se t  
o f  gu ide l ines  fo r  cons t ruc t ing  na tu ra l  resource  po l i cy  mode ls  a re  
der ived .  
Pre l im inary  resu l ts  es tab l i shed  in  ear l ie r  chapters  ind ica te  
tha t  a  fu l l y  cons is ten t  se t  o f  na t iona l  and  reg iona l  mode ls  
sa t i s fy ing  a l l  the  aggregat ion  theorems may no t  be  feas ib le .  
Mathemat ica l l y  and  theore t i ca l l y  such  a  sys tem i s  poss ib le ;  
however ,  as  shown in  p rev ious  chapters  and  be low the  requ i rements  
invo lve  such  un tenab le  res t r i c t ions  on the  mic roeconomics  o f  
p roducer  and  consumer  behav io r  as  to  be  unacceptab le .  I f  
empi r i ca l  observa t ions  were  found to  suppor t  such  res t r i c t ions  
the  resu l t ing  mode l ing  sys tem wou ld  be  unuse fu l  and  un in te res t ing  
f rom a  po l i cy  ana lys is  v iewpo in t  due  to  the  homothe t i c i t y  
requ i rements  o f  most  o f  the  theorems-
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In  var ious  mode l ing  con tex ts  researchers  have  deve loped 
methods  o f  ach iev ing  fa i r l y  accura te  resu l ts  by  e i ther  re lax ing  
the  s t r ingent  aggregat ion  cond i t ions  p resented  in  the  p rev ious  
chapters  o r  assuming  they  a re  sa t i s f ied .  However ,  the  methods  o f  
re laxa t ion  to  max imize  cons is tency  a re  t igh t l y  connec ted  to  the  
charac te r i s t i cs  o f  the  spec i f i c  p rob lem be ing  mode led  ( th is  po in t  
i s  exp la ined  in  more  de ta i l  v ia  the  examples  o f  th is  chapter ) ;  
assuming  the  aggregat ion  cons is tency  cond i t ions  a re  met  causes  
o ther  ana ly t i ca l  p rob lems.  
Unfor tuna te ly ,  there  seem to  be  no  genera l  ru les  fo r  such  
"near -cons is ten t "  mode l ing  e f fo r ts .  What  i s  needed fo r  
cons is tency  var ies  case  by  case  and e i ther  you  have  cons is tency  
o r  you  do  no t .  For  a  g iven  prob lem one can  exp lo re  the  empi r i ca l  
e r ro r  imp l i ca t ions  o f  incons is ten t  aggregat ion ;  however ,  as  
parameters  o f  the  prob lem change the  fo rm o f  the  e r ro r  a lso  
changes  mak ing  i t  ra ther  in t rac tab le .  For  spec i f i c  mode l  t ypes ,  
such  as  fo r  LP mode ls  as  d iscussed in  the  p rev ious  chapter ,  
va r ious  gu ide l ines  have  been p roposed,  bu t  they  a re  a lso  based on  
empi r i ca l  da ta .  
I f  the  d imens iona l i t y  o f  the  prob lem i s  reduced in  
aggregat ion ,  such  as  fo r  example  look ing  on ly  a t  aggregate  ou tpu t  
and  no t  inpu ts ,  the  cons is tency  cond i t ions  a re  re laxed  on ly  a  
l i t t l e .  However ,  one  must  be  w i l l i ng  to  accept  ind ices  o f  ou tpu t  
ra ther  than  ou tpu t  and  the  res t r i c t ions  on func t iona l  fo rm are  
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s t i l l  ra ther  severe .  D isaggregat ion  o f  the  aggregate  ind ices  
a lso  requ i res  res t r i c t i ve  assumpt ions .  Mos t  ava i lab le  da ta  have  
no t  genera l l y  been co l lec ted  and p rocessed in  the  appropr ia te  
index  fo rms fo r  the  non- l inear  aggregators  and  techno logy  
func t iona l  fo rms.  
The na t iona l  and  reg iona l  mode ls  used  in  these  i l l us t ra t ions  
may,  fo r  the  same a rea ,  invo lve  d i f fe ren t  leve ls  o f  aggregat ion  
and con ta in  d i f fe r ing  aggregat ions  across  ind iv idua l  a reas  o r  
ca tegor ies .  Aggregate  p roduc ts  and inpu ts  a re  a lso  de f ined  
d i f fe ren t l y  in  some ins tances .  The ques t ion  addressed here  i s  
how to  s t ruc tu re  the  na t iona l  and  reg iona l  mode ls  so  they  a re  
in te rna l l y  cons is ten t  and  so  tha t  they  suppor t  each  o ther ' s  
resu l ts  when used fo r  ana lys is  o f  the  same po l i cy  ques t ion .  
Though these  mode ls  a re  much s imp le r  than  ac tua l  mode ls  used in  
po l i cy  ana lys is ,  the i r  s imp l i c i t y  a l lows  der iva t ion  o f  ana ly t i ca l  
resu l ts  wh ich  can  p rov ide  gu ide l ines  fo r  the  cons t ruc t ion  o f  more  
complex  mode ls .  
The par t i cu la r  sys tem ar rangement  o f  mode ls  used  in  these  
examples  a re  somewhat  res t r i c t i ve .  However ,  they  cor respond to  
some commonly  used  methods .  A na t iona l  cos t  m in im iza t ion  mode l  
w i th  severa l  p roduc ing  reg ions  i s  compared  to  a  se t  o f  p ro f i t  
max imiz ing  reg iona l  mode ls .  I n i t ia l l y  there  i s  one reg iona l  
mode l  fo r  each  na t iona l  mode l  reg ion  bu t  tha t  i s  changed in  some 
la te r  examples .  The na t iona l  mode l  chooses  the  p roduc t ion  
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pat te rn  to  meet  spec i f ied  demand a t  the  leas t  cos t .  I t  i s  
assumed tha t  th is  na t iona l  c r i te r ion  s imu la tes  the  long  run  
min imum cos t  compet i t i ve  equ i l ib r ium o f  a  na t ion  o f  p ro f i t  
max imiz ing  p roducers  and  u t i l i t y  max imiz ing  consumers .  
The equ i l ib r ium marg ina l  cos ts  o f  p roduc t ion  in  the  na t iona l  
mode l  i n  the  op t ima l  so lu t ion ,  w i th  some ad jus tments ,  become 
reg iona l  p r i ces  fo r  the  p ro f i t  max imiza t ion  mode ls .  In  tu rn ,  the  
base  acreage (and  o ther  f i xed  outcomes)  o f  the  reg iona l  mode ls  
assoc ia ted  w i th  the  p ro f i t  incen t i ves  o f  agr icu l tu ra l  po l i cy  
become a r t i f i c ia l  cons t ra in ts  in  the  na t iona l  mode l .  Ana ly t i ca l  
der iva t ion  prov ides  economic  in te rp re ta t ions  to  these  p r i ce  and 
cons t ra in t  cor respondences .  
The na t iona l  and  reg iona l  mode l  ou tcomes w i l l  be  i l l us t ra ted  
fo r  severa l  cases .  However ,  f i r s t  cons iderab le  d iscuss ion  i s  
needed to  es tab l i sh  the  economics  o f  the  mode ls .  Th is  invo lves  
the  p roper t ies  assumed fo r  the  aggregated  and ind iv idua l  
techno logy ,  resources  and c r i te r ion  func t ions  and the  assumpt ions  
under ly ing  aggregat ion  over  ind iv idua l  agents  in  bo th  the  
na t iona l  and  s ta te  mode ls .  A lso  inc luded are  the  mathemat ica l  
cond i t ions  guaran tee ing  ex is tence  o f  op t ima l  so lu t ions .  
Once the  mode ls  a re  fu l l y  descr ibed  then  cases  o f  inc reas ing  
complex i ty  a re  shown.  These cases  g radua l l y  deve lop  the  resu l ts  
needed fo r  the  gu ide l ines  o f  cons t ruc t ing  mode ls  and  sys tems in  a  
more  cons is ten t  manner .  
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Techno log ica l  and  Termino logy  Pre l im inar ies  
Before  p roceed ing  w i th  spec i f i ca t ion  and in te rp re ta t ion  o f  
example  mode ls  some under ly ing  assumpt ions  and res t r i c t ions  are  
g iven .  These a re  the  assumpt ions  and res t r i c t ions  tha t  ensure  
the  mic roeconomic  behav io ra l  ax ioms a re  sa t i s f ied  and tha t  
guaran tee  the  ex is tence  o f  un ique  so lu t ions  to  the  var ious  
prob lems wh ich  w i l l  be  op t im ized  ( th is  no ta t ion  i s  f rom Var ian ,  
1984) .  In  the  fo l low ing  d iscuss ion ,  par t i cu la r l y  fo r  the  supp ly  
s ide  o f  the  mode ls ,  the  word  " f i rm"  i s  f requent ly  used to  
descr ibe  the  dec is ion  tak ing  agents .  In  some cases  " f i rm"  w i l l  
re fe r  to  ind iv idua l  agents  d i rec t l y  and in  o ther  cases  such  as  
the  reg iona l  p ro f i t  max imiza t ion  mode ls  i t  w i l l  re fe r  to  an  
aggregate  over  severa l  f i rms .  
Assume the  f i rm has  n  poss ib le  goods  to  serve  as  inpu ts  
and /o r  ou tpu ts .  Denote  a  spec i f i c  p roduc t ion  p lan  invo lv ing  
these  goods  as  a  vec to r  y  i n  R"  where  y j  >  «>  0  fo r  a  ne t  ou tpu t  
( inpu t )  fo r  i  =  l , . . . ,n .  The se t  o f  a l l  feas ib le  ne tpu t  vec to rs ,  
the  p roduc t ion  poss ib i l i t i es  se t ,  i s  denoted  Y and  i s  a lso  a  
subse t  o f  R" .  G iven  tha t  in  the  shor t  run  some fac to rs  o f  
p roduc t ion  may have  res t r i c ted  use ,  a  res t r i c ted  o r  shor t  run  
p roduc t ion  poss ib i l i t i es  se t  Y(z> ,  where  z  i s  the  parameter  
vec to r  o f  res t r i c t ions ,  may be  de f ined .  
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I f  a t ten t ion  i s  res t r i c ted  to  one ou tpu t  and  severa l  inpu ts  
(as  i t  i s  in  these  resu l ts )  the  fo l low ing  concepts  a re  de f ined :  
V(y>  =  {x  in  R" :  (y , -x>  i s  in  Y)  as  inpu t  requ i rement  se t ,  
Q(y )  =  {x  in  R" :  x  i s  in  V<y>,  x  i s  no t  in  V(y ' )  fo r  y '>y }  
as  an  i soquant ,  
Y<z)  =  {<y , -q , -k>  in  Y ;  k  =  z )  as  the  res t r i c ted  produc t ion  
poss ib i l i t i es  se t ,  and  
f (x>  =  {y  in  R:  y  i s  the  max imum ou tpu t  assoc ia ted  w i th  -x  
in  Y)  as  the  p roduc t ion  func t ion .  
Def in ing  the  assumpt ions  and /o r  res t r i c t ions  on the  inpu t  
requ i rement  se ts  shows the  resu l ts  needed fo r  the  techno logy  
representa t ion .  The inpu t  requ i rement  se t  i s  sa id  to  be  Regu la r  
and  to  exh ib i t  Monoton ie i t y  and  Convex i ty .  
Regu la r i t y  means  tha t  V<y> i s  non-empty ,  y  >  0  imp l ies  0  i s  
no t  in  V<y> and  V<y)  i s  a  c losed  subse t  o f  Rn.  In  words  th is  
means  tha t  there  i s  some way  to  produce any  leve l  o f  ou tpu t ,  
someth ing  cannot  be  p roduced f rom no th ing  and i f  there  i s  a  
sequence (x '>  o f  inpu t  bund les  tha t  can  each  p roduce y ,  and i f  
(x '>  converges  to  x*  then  x*  can  a lso  produce y .  
Monoton ie i t y  imp l ies  tha t  f ree  d isposa l  o f  excess  inpu ts  i s  
ava i lab le .  I f  x  i s  in  V(y )  and  x '  >  x ,  then  x '  i s  a lso  in  V(y> .  
Convex i ty  requ i res  tha t  i f  x  i s  in  V<y> and  x '  i s  a lso  in  
V<y)  then  tx  +  ( l - t>x '  i s  in  V(y )  fo r  a l l  0  <  t  < 1 .  In  
add i t ion ,  i f  Y i s  a  convex  se t ,  then  V<y)  i s  a  convex  se t ,  V(y>  
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i s  a  convex  se t  i f  and on ly  i f  f (x>  i s  a  quas i  concave  func t ion ,  
and i f  V<y> i s  a  convex  se t ,  then  Y need no t  be  convex .  
Convex i ty  a l lows  f l a t  spo ts  on  i soquants  bu t  s t r i c t  convex i ty  
requ i res  tha t  i soquants  be  s t r i c t l y  ro tund .  
The p roduc t ion  func t ion ,  f ( x> ,  i s  the  under ly ing  base  o f  the  
i l l us t ra t i ve  mode ls  o f  th is  chapter .  Chambers  (1988,  page 9 )  
l i s ts  the  des i rab le  p roper t ies  o f  a  p roduc t ion  func t ion  as :  
1 .  a .  I f  X' > X, then  f ( x ' )  >  f<x>  (monoton ie i t y ) ;  
b. if X' > X, then f(x') > f(x) (strict monotonicit y ) ;  
2 .  a .  V(y>  =  {x ;  f (x>  >  y }  i s  a  convex  se t  
(quas  i - concav  i  ty ) ;  
b .  f (  x°+ ( l - t ) x * )  >  t f ( x °>  +  ( l - t ) f ( x *>  fo r  0< t< l  
(concav i  t y ) ;  
3 .  a .  fXO^)  =  0 ,  where  0^  i s  the  nu l l  vec to r  (weak  
essent ia l i t y ) ;  
b .  f  (x  J ,..., X j _ ] ^  , 0 ,  X j ^ j ^ , . . . ,  x^ )  =  0  fo r  a l l  Xj (s t r i c t  
essent i  a l i  t y )  
4 .  the  inpu t  requ i rement  se t  V(y )  i s  c losed  and non-empty  
fo r  a l l  y  >0  (no  f ree  ou tpu t ) ;  
5 .  f (x )  i s  f i n i te ,  non-negat ive ,  rea l  va lued ,  and  s ing le  
^  va lued  fo r  a l l  non-negat ive  and f i n i te  x ;  
6 .  a .  f ( x )  i s  everywhere  con t inuous ;  and  
b .  f ( x )  i s  everywhere  tw ice-con t inuous  I  y  d i f fe ren t iab Ie .  
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For  an  ind iv idua l  f i rm the  dec is ion  to  max imize  p ro f i t s  i s  
wr i t ten  as  max imize  P  =  p*y  ~^WjX j  where  y  =  f<x> .  For  any  
leve l  o f  ou tpu t  the  f i rm w i l l  want  to  produce a t  a  min imum cos t  
so  a  dua l  p rob lem can be  wr i t ten  as  min imize  C =  ^^WjX j  sub jec t  
to  f (x>  =  y  and y  =  y * .  These dec is ion  prob lems can  be  so lved  
ana ly t i ca l l y  to  ge t  a  cos t  func t ion  C =  c (y ,w) .  In  the  prob lems 
worked  ou t  in  th is  chapter  ex tens ive  use  i s  made o f  the  cos t  
func t ion ;  the  p roduc t ion  func t ion  and inpu t  quant i t ies  do  no t  
a lways  appear  exp l i c i t l y  in  the  op t im iza t ion  prob lem.  
When the  techno logy  and op t im iz ing  ru les  as  de f ined  above 
a re  combined in  a  mathemat ica l  fo rmu la ,  d i f fe ren t  te rmino logy  i s  
used to  descr ibe  the  fu r ther  requ i rements  tha t  must  be  met  fo r  
(1 )  a  so lu t ion  to  ex is t  and  (2 )  fo r  a  guaran tee  tha t  the  so lu t ion  
found i s  the  g loba l  op t imum.  Def ine  the  Hess ian  mat r i x  fo r  an  
uncons t ra ined  op t im iza t ion  prob lem as  cons is t ing  o f  the  second 
o rder  par t ia l  der iva t i ves  o f  f<x> .  For  a  max imum (min imum)  H  
must  be  negat ive  de f in i te  (pos i t i ve  de f in i te )  (Ch iang ,  1974,  page 
351) .  For  a  cons t ra ined  op t im iza t ion  prob lem a  bordered  Hess ian  
con ta ins  the  second par t ia l  der iva t i ves  o f  the  Lagrang ian ;  fo r  a  
max imum (min imum)  the  bordered  Hess ian  must  aga in  be  negat ive  
de f in i te  (pos i t i ve  de f in i te )  (Ch iang ,  1974,  page 389) .  
The cos t  func t ion  resu l t ing  f rom the  op t im iza t ion  prob lem 
g iven  the  techno logy  descr ibed  above a lso  has  severa l  impor tan t  
p roper t ies  (Chambers ,  1988,  page 52) :  
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1.  C(w,y )  >  0  fo r  w >  0  and y  >  0  (non-negat iv i t y ) ;  
2 .  i f  w '  >  w then  C(w ' ,y )  >  C(w,y )  (non-decreas ing  in  w) :  
3 .  concave and con t inuous  in  w;  
4 .  C<tw,y )  =  tC(w,y>  fo r  t  > 0  (pos i t i ve ly  l i near ly  
homogeneous) ;  
5 .  i f  y  >  y '  then  C(w,y )  >  C(w,y ' )  (non-decreas ing  
in  y ) ;  and 
6 .  C(w,0> =  0  (no  f i xed  cos ts ) .  
In  add i t ion  to  the  cond i t ions  g iven  here  to  guaran tee  an  
op t imum,  the  p resence o f  inequa l i t y  cons t ra in ts  in  the  
i l l us t ra t i ve  examples  requ i re  the  use  o f  Kuhn-Tucker  cond i t ions  
to  augment  the  s tandard  FOC.  The Kuhn-Tucker  cond i t ions  w i l l  be  
descr ibed  a t  the  po in t  where  they  f i r s t  come up  in  the  mode ls .  
The Bas ic  Mode l  Se t  
Th is  sec t ion  inc ludes  a  techn ica l  descr ip t ion  o f  the  mode ls  
and  cor respondences  to  be  used in  the  var ious  i l l us t ra t i ve  cases  
o f  th is  chapter .  The p rob lem a t  the  na t iona l  leve l  i s  to  
min imize  the  to ta l  cos t  o f  p roduc t ion  fo r  a  spec i f ied  leve l  o f  
demand.  For  i l l us t ra t i ve  purposes  " resource  use  f l ex ib i l i t y "  
cons t ra in ts  in  the  na t iona l  mode l  re f lec t ing  the  d is to r t ions  
caused by  commodi ty  subs id ies  in  the  reg iona l  p ro f i t  mode ls  a re  
a lso  inc luded.  These cons t ra in ts  can  a lso  represent  o ther  types  
o f  l im i ts  to  behav io r  o r  o ther  ins t i tu t iona l  a r rangements  and  the  
in te rp re ta t ions  der ived  in  th is  chapter  a re  s im i la r l y  app l i cab le .  
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For  s imp l i c i t y  i t  i s  assumed tha t  the  con ten t  o f  economic  
ac t i v i t y  in  each  reg ion  i s  adequate ly  representab Ie  by  ind iv idua l  
cos t  func t ions  wh ich  a re  separab le  f rom each o ther  bo th  w i th in  
and across  reg ions .  The on ly  mu l t i -p roduc t  supp ly  cons idera t ion  
inc luded i s  where  each  commodi ty  w i th in  a  reg ion  compete  fo r  the  
scarce  resources  o f  tha t  reg ion .  I t  i s  assumed tha t  the  mic ro  o r  
f i rm leve l  techno logy  under ly ing  these  func t ions  meet  a l l  the  
s tandard  assumpt ions  ou t l ined  above.  A t  th is  po in t  in  the  
ana lys is  no  exp l i c i t  assumpt ions  o r  s ta tements  a re  made about  
aggregat ion  methods .  I t  i s  assumed tha t  whatever  f i rms  ex is t  in  
each  reg ion  were  somehow aggregated  to  a r r i ve  a t  the  cos t  
func t i  ons .  
Th is  sec t ion  proceeds  w i thou t  cons idera t ion  o f  whether  o r  
no t  the  aggregate  func t ions  sa t i s fy  the  mic ro  leve l  techno logy  
and cos t  assumpt ions  ou t l ined  above.  The p rob lem i s  spec i f ied  as  
in  (4 .1 ) .  In  (4 .1 . i )  resource  use  i s  cons t ra ined  by  the  f i xed  
amount  ava i lab le ;  in  <4 .1 . i i>  the  commodi ty  demands  to  be  met  a re  
g iven ;  and  in  (4 .1 . i i i>  the  resource  use  fo r  spec i f i c  commodi ty  
( f l ex ib i l i t y )  cons t ra in ts  a re  spec i f ied .  The en t i re  prob lem in  
(4 .1 )  i s  conver ted  to  commodi ty  un i ts  ra ther  than  resource  un i ts  
by  the  inverse  y ie ld  coe f f i c ien ts ,  a j j -
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(4 .1 )  M in  C =  2  2  C:  AQ- .  j . r ; )  
Q i j  i= l  j= l  ^  
sub jec t  to  
J  
2 
j = l  
( i )   a j jQ j j  <  L j  fo r  i  =  
I  
( i  i>  2  Q: :  >  Q:  fo r  j  =  
i= l  
( i i i )  a j jQ i j  >  L j j  fo r  i  =  and j  =  
( i v>  Q j j  >  0  fo r  i  =  and j  =  
where  C j j<Qj j , r j>  i s  the  cos t  func t ion  o f  j th  
commmodi ty  i n  i th  reg ion  g iven  the  vec to r  r j  
o f  inpu t  p r i ces ;  
a  j  j  i s  the  resource  requ i rement  per  un i t  o f  
commodi ty ,  i . e . ,  the  inverse  o f  per  ac re  
y i e l d ;  
L j  i s  the  resource  ava i lab i l i t y  in  reg ion  i ;  
L j j  i s  the  f l ex ib i l i t y  cons t ra in t  on  the  use  o f  
resource  i  in  produc ing  commodi ty  j ;  and 
Q j  i s  the  f ina l  demand fo r  j th  commodi ty .  
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(4 .2 )  Min  L  =  2  Z  C;  : (Q:  ; , r : )  +  2U: ( -  Za :  jQ j  :  +  L j )  
i= l  j= l  i= l  j= l  
J  I  I  J 
+  2 A j < - 2 Q j j + Q j > +  2  2  7  ( - a :  j Q :  •  +  L :  : )  
j = l  ^  i= l  ^  i= l  j= l  ^  ^  
FOC:  < i }  ÔL a  L  
- - -  = MCi j  -  U ja j j -  A j -  7 | ja ; j  >  0 ;  Q* j j  - - -  =  0 ;  
d Q j i  d Q j .  
Q* i j  2  0  fo r  i  =  and j  =  
( i i >  à L  J  a L  
- - -  = -  2  a i jQ i j  +  L ;  >0 ;  u* ,  =  0 ;  
OUj  j  =  l  o U ;  
u* j  <0  fo r  i  =  
( i i i )  ÔL I  ÔL 
=  Q j  -  I  Q j  j  >  0 ;  =  0 ;  
'  i= i  '  '  
A*j  >  0  fo r  j  =  1 ,—,J  
< iv>  ÔL a  L  
à ; - ' k j  -  = i j « u  ^ 0 :  
^  7*1 j  >  0  fo r  i  =  and^ j  =  
where  U j  i s  the  imputed  p r i ce  o f  resource  un i t  i ;  
X j  i s  the  imputed  p r i ce  o f  commodi ty  j ;  and 
7 j j  i s  the  imputed  " ren t "  to  the  cons t ra in ts  
tha t  spec i fy  use  o f  resource  i  fo r  j .  
à  L  cos t  
(4 .3 )  ( i>  u* j  =  =  < 0 ;  < -u* j>  i s  resource ;  " ren t "  
ôL j  inpu t ;  
à  L  cos t  
< i i>  X* j  =  >  0 ;  X* j  i s  commodi ty j  p r i ce  
ôQj  demand j  
a  L  cos t  
( i i i )  7* :  i  =  =  > 0 ;  v * i i  ' s  per  un i t  
à L i j  f U x i j  "  
(of  resource)  cos t  o f  
fo rc ing  non-op t ima l  use  
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The p rob lem in  (4 .1 )  can  be  spec i f ied  in  Lagrang ian  fo rm as  
in  (4 .2 )  and  so lved  w i th  s tandard  ana ly t i ca l  techn iques .  Note  
tha t  the  inequa l i t i es  o f  (4 .1 )  and  (4 .2 )  a re  hand led  in  the  FOC 
o f  (4 .2 )  w i th  the  Kuhn-Tucker  complementary  s lackness  cond i t ions .  
Use o f  the  enve lope  theorem shows tha t  (S i lberberg  1978)  concre te  
in te rp re ta t ions  are  ava i lab le  fo r  the  Lagrang ian  mu l t ip l ie rs  o f  
(4 .2 )  as  shown in  (4 .3 ) .  
The Kuhn-Tucker  fo rmu la t ion  o f  the  FOC fo r  an  op t imum 
account  fo r  the  presence o f  inequa l i t y  cons t ra in ts  and fo r  the  
poss ib i l i t i es  o f  corner  so lu t ions  (such  as  w i l l  occur  in  the  
l i near  case  p resented  be low) .  As  shown in  (4 .2 . i i )  and  (4 .3 . i )  
the  resource  on ly  rece ives  an  imputed  ren t  i f  i t  i s  in  shor t  
supp ly .  The poss ib i l i t y  o f  marg ina l  cos t  o f  p roduc t ion  exceed ing  
commodi ty  va lue  such  tha t  a  corner  so lu t ion  o f  zero  p roduc t ion  
wou ld  occur  i s  a l lowed fo r  each  commodi ty  i n  each  reg ion  by  
(4 .2 . i )  wh i le  (4 .3 . i i )  show tha t  i f  any  commodi ty  i s  overproduced 
i t s  imputed  shadow p r i ce  w i l l  be  zero .  F ina l l y ,  the  poss ib i l i t y  
tha t  a  f l ex ib i l i t y  cons t ra in t  m igh t  be  more  b ind ing  than  a  
resource  ava i lab i l i t y  cons t ra in t  i s  accounted  fo r  in  (4 .2 . i v )  and 
(4 .3 . i i i ) .  
The equ i l ib r ium cond i t ions  imp l ied  by  sa t i s fac t ion  o f  the  
f i r s t  order  cond i t ions  o f  (4 .2 )  a re  shown in  (4 .4 ) .  In  genera l ,  
these  equ i l ib r ium cond i t ions  a re  ob ta ined  by  assuming  the  FOC a re  
sa t i s f ied  as  equa l i t i es  w i th  r igh t  hand s ide  va lues  o f  zero .  
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They  can  then  be  se t  equa l  to  each  o ther ,  used in  ra t ios ,  o r  have  
common e lements  fac to red  ou t .  
Cond i t ion  (4 .4 . i )  g ives  the  a l loca t ion  o f  the  f i xed  resource  
in  each  reg ion  as  shown in  F igure  1  where  the  marg ina l  ra te  o f  
re tu rn  on  the  resource  i s  equa l i zed  across  a l l  uses .  In  the  case  
shown i t  i s  assumed tha t  a  d is to r t ing  f lex ib i l i t y  ( resource  use)  
res t r i c t ion  i s  b ind ing ,  ^ j j  >  0 ,  and ren ts  a re  reduced.  For  th is  
to  ho ld  s t r i c t l y  fo r  a l l  poss ib le  compar isons  i t  must  be  the  case  
tha t  the  FOC do  ho ld  as  equa l i t i es .  In  the  l i near  MC case  shown 
be low equa l i t i es  do  no t  ho ld  fo r  any  va lues  o f  the  endogenous  
var iab le .  There fo re ,  no  equ i l ib r ium can be  de f ined .  Cond i t ion  
(4 .4 . i i )  shows tha t  g iven  a  na t iona l  demand fo r  a  commodi ty ,  the  
marg ina l  cos t  o f  p roduc ing  the  good must  be  equa l i zed  across  
reg ions .  Th is  i s  i l l us t ra ted  in  F igure  2  a long  w i th  the  
compet ing  impac ts  o f  the  resource  and f l ex ib i l i t y  ren ts .  
Cond i t ion  (4 .4 . I i i )  and  F igure  3  show tha t  the  ra t io  o f  imp l ied  
marg ina l  va lues  o f  any  two goods  must  be  cons tan t  ac ross  a l l  
reg  i  ons .  
The reg iona l  p ro f i t  max imiza t ion  p rob lems cor respond ing  to  
(4 .2 )  a re  g iven  in  (4 .5 )  w i th  the  FOC in  (4 .6 ) .  For  th is  in i t ia l  
mode l  se tup  the  des i red  ana ly t i ca l  cor respondences  be tween the  
reg iona l  and  na t iona l  mode ls  a re  shown in  (4 .7 ) .  
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(4 .4 )  < i )  < l /a :  : ) [MC;  i  -  -  7:  ja :  j ]  =  
( l /a i j>CMCi ,  -X ,  -
fo r  any  commodi ty  pa i r  j , z  =  ( j  =  z )  i n  
any  reg  i  on  i  =  
< i i )  M C k j  -  < U k  +  > k j > ^ i j  =  M C p j  -  ( U p  +  7 p j )  a p j  
f o r  every  commodi ty  j  =  across  any  pa i r  o f  
reg ions  k ,p  =  1 ,  — , I  (k  =  p)  
< i i i >  MCk j  -  (U| (  +  7k j )ak j  ^  ^  MCpj  "  <"p  +  
M^kz  "  ^"k  ^  ^  kz^^kz  ^  ^  MCp2 -  (Up +  ^pg lapz  
as  a  ra t io  fo r  any  pa i r  o f  goods  j , z  =  
( j  =  z )  and  across  a l l  pa i rs  o f  reg ions  
k ,p  =  fo r  k  =  p  
J  
(4 .5 )  Max TT '  =  (P j jQ | j  -  C j j (Q j j )  -  r ja j jQ j j )  ( i  =  ! , . . . , ! )  
Q i j  j= l  
where  TT.  i s  p ro f i t  fo r  i th  reg ion ;  
P j j  i s  " fa rm ga te"  p r i ce  in  i  fo r  j th  good;  
and  
r j  i s  the  resource  use  charge  ( ren ta l  to  
re f lec t  oppor tun i ty  cos t ) .  
(4 .6 )  ( i )  ÔTTj  ÔTTj  
= Pj j  -  MCj j  -  r ;a | :  < 0 ;  Q*, :  = 0 ;  
ao i j  '  '  '  '  aoi j  
Q * i j  >0 
( i i )  - - - -  =  (P j j  +  Sjj) -  MCj j  -  r ja i j  <  0 ;  
a O i j  
a T j  
Q* i  i  =  0 ;  Q* j  :  >0  
ao i j  
(4 .7 )  ( i )  P j j  =  X j  
( i ' )  = i j  =  ^ i j ^ i j  
( i i i )  - r j a j j  =  u j a j j  
Rent.. i j  
(MC - ftj +Y|ja ))/a^J MC,./a. 
implied subsidy OJ.) 
with no distortions 
optimal allocation distorted allocation 
00 
Figure  1 .  Equa l i za t ion  o f  ren t  to  a  f i xed  fac to r  across  a l l  uses  
MC. k°kj 
P, MC, P kj i Fixed 
Demand 
i j  
Total 
Supply 
• •• Resource Usage Resource Availability 
Constrained Binding 
Figure  2 .  Equa l i za t ion  o f  the  marg ina l  cos t  o f  p roduc t ion  o f  a  commodi ty  ac ross  reg ions  
(7.Hn^+r^ Q iz 
slope = - MC../MC. 
xz  
Q (MC -(u^+> )a ) 
f 
IZ 
slope = - ^ ./ Tv 
Figure  3 .  Marg ina l  va lue  ra t ios  fo r  commodi t ies  equa l i zed  across  reg ions  
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As (4 .7 . i )  shows the  shadow p r i ces  (so lu t ion  va lue  marg ina l  
cos ts  o f  p roduc t ion)  found as  par t  o f  the  na t iona l  mode l  
compet i t i ve  equ i l ib r ium must  be  used as  p roduc t  p r i ces  in  the  
reg iona l  p ro f i t  mode ls .  The p resence o f  subs id ies  wh ich  resu l t  
i n  the  p ro f i t  max imiza t ion  mode l  ou tcome be ing  d is to r ted  f rom the  
na t iona l  cos t  m in im iza t ion  compet i t i ve  equ i l ib r ium can be  
in te rp re ted  as  shown in  (4 .7 . i i> .  Th is  requ i res  tha t  the  
na t iona l  mode l  have  resource  use  f l ex ib i l i t y  cons t ra in ts  
equ iva len t  to  the  resource  use  ou tcomes o f  the  s ta te  mode ls .  
A l te rna t i ve ly ,  the  p r i c ing  cor respondence be tween the  leve l  o f  
a r t i f i c ia l  resource  use  f l ex ib i l i t y  cons t ra in ts  o f  the  na t iona l  
mode ls  and  commodi ty  subs id ies  a l low the  na t iona l  so lu t ion  to  be  
imposed on  the  reg iona l  p ro f i t  max imiza t ion  mode ls  and  v ice  
versa .  
Resource  use  cos ts  must  be  inc luded in  the  reg iona l  p ro f i t  
mode ls  to  account  fo r  the  oppor tun i ty  cos ts  o f  us ing  the  resource  
in  the  a l te rna t i ve  commodi t ies  p roduc ib le  in  the  reg ion .  
Unfor tuna te ly ,  these  resource  ren ts  depend on  the  na t iona l  
so lu t ion  wh ich  imp l ies  a  na t iona l  so lu t ion  i s  needed be fo re  the  
s ta te  mode l  spec i f i ca t ion  process  can  p roceed.  The wors t  
imp l i ca t ion  i s  tha t  no  po l i cy  ana lys is  w i th  one o r  severa l  
reg iona l  mode ls  can  p roceed un less  i t  i s  cer ta in  the  po l i cy  w i l l  
no t  cause  a  change in  the  p rev ious ly  found ren ta l  va lue .  I t  i s  
a lso  imp l ied  tha t  i f  the  po l i cy  invo lves  p ro f i t  incen t i ves  the  
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nat iona l  so lu t ion  shou ld  no t  be  a t tempted  un t i l  the  reg iona l  
p ro f i t  mode l  ou tcomes a re  ava i lab le .  
Wi th  these  non- l inear ,  we l l  behaved cos t  func t ions  a t  the  
aggregate  leve l  in te r -mode l  behav io ra l  cons is tency  i s  ach ieved 
bu t  no th ing  has  been sa id  about  the  requ i rements  fo r  aggregat ion  
cons is tency .  The se t  o f  homothe t i c  non- l inear  func t ions  
sa t i s fy ing  aggregat ion  cons is tency  i s  smal l  and  da ta  may no t  be  
ava i lab le  in  the  fo rm o f  the  requ i red  aggregates  fo r  them.  
L inear  Aggregat ion  Versus  Behav io ra l  Cons is tency  
The aggregat ion  cons is tency  cond i t ions  y ie ld ing  indus t ry  
cos t  and  ou tpu t  as  the  sum o f  the  same fo r  f i rms  be ing  aggregated  
resu l ts  in  behav io ra l  incons is tency  be tween na t iona l  and  reg iona l  
mode ls .  Wi th  l i near  aggregat ion  ru les  cons is tency  on ly  occurs  i f  
every  f i rm has  iden t i ca l  cons tan t  marg ina l  cos t .  Aggregat ion  
over  iden t i ca l  f i rms  in  each  reg ion  resu l ts  in  cons tan t  marg ina l  
cos t  a t  the  reg iona l  l eve l .  Wi th  those  resu l ts  the  equ i l ib r ium 
FOC cond i t ions  o f  (4 .2 )  b reak  down and  there  a re  no  in te r -mode l  
p r i ce  cor respondences  such  tha t  reg iona l  mode l  ou tcomes a re  
equ iva len t  to  the  na t iona l ;  on ly  f i xed  ou tpu t  leve l  res t r i c t ions  
wou ld  g ive  cons is tency .  F ixed  ou tpu t  cor respondences  con f l i c t  
w i th  s tandard  behav io ra l  assumpt ions  o f  the  under ly ing  f i rms  and 
so  cannot  be  used.  These imp l i ca t ions  a lso  app ly  to  p ro f i t  
max imiza t ions  mode ls  when used fo r  a  reg ion  o r  a  na t ion  w i thou t  
cons idera t ion  o f  compet i t i ve  equ i l ib r ium outcomes.  
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The case  o f  cons tan t  marg ina l  cos ts  i s  impor tan t  no t  jus t  
because i t  guaran tees  aggregat ion  cons is tency  bu t  a lso  because i t  
cor responds  c lose ly  to  the  ac tua l  l i near  programming (LP)  mode ls  
used as  approx imat ions  in  po l i cy  ana lys is .  Whether  o r  no t  the  
i ssue  o f  aggregat ion  cons is tency  over  m ic ro  un i ts  i s  exp l i c i t l y  
addressed,  those  LP mode ls  con ta in  ac t i v i t i es  wh ich  a re  each  
l i near  in  inpu ts  and ou tpu ts  and the  en t i re  mode l  i s  homogeneous  
o f  degree  one as  a  un i t .  Wi th in  an  LP mode l ,  th rough the  
appropr ia te  use  o f  ac t i v i t i es  and cons t ra in ts ,  var ious  non- l inear  
behav io r  can  be  s imu la ted .  However ,  i t  i s  s t i l l  the  case  tha t  a t  
the  marg in ,  as  in  sens i t i v i t y  ana lys is ,  the  LP so lu t ion  may 
exh ib i t  l i near i t y  fo r  some la rge  paramet r i c  va r ia t ion  be fo re  the  
var iab les  in  the  bas is  change.  Th is  imp l ies  tha t  a t  leas t  
loca l l y ,  as  in  a  la rge  enough ne ighborhood o f  an  op t ima l  so lu t ion  
tha t  po l i cy  impac ts  do  no t  change the  bas is  var iab les ,  o r  in  a  
g loba l  sense  the  supp ly  func t ions  ob ta ined  paramet r i ca I  I  y  f rom 
the  LP (wh ich  imp l i c i t l y  represent  MC schedu les)  a re  l i near .  In  
add i t ion  the  aggregators  used to  cons t ruc t  reg iona l ,  na t iona l  and  
sec to r  mode ls  a re  genera l l y  l i near  o r  Leont ie f ,  bo th  o f  wh ich  
g ive  cons is ten t  aggregat ion .  The ac tua l  aggregator  and  
ana ly t i ca l  mode l  cho ice  i s  g rea t l y  cons t ra ined  by  the  manner  i n  
wh ich  the  p r imary  da ta  have  been co l lec ted  and aggregated ,  wh ich  
i s  usua l l y  w i th  s imp le  o r  we igh ted  l i near  ru les .  
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Severa l  cases  o f  d i f fe r ing  complex i ty  a re  cons idered .  
F i rs t ,  the  case  o f  each  reg iona l  mode l ' s  techno logy  and 
cons t ra in t  se t  be ing  the  resu l t  o f  exac t  decompos i t ion  o f  the  
techno logy  and cons t ra in ts  o f  the  na t iona l  mode l  a long  reg iona l  
l i nes  i s  cons idered .  Second ly ,  the  add i t iona l  compl ica t ions  
a r i s ing  f rom the  reg iona l  p ro f i t  max imiza t ion  mode ls  
cor respond ing  to  we igh ted  por t ions  o f  the  reg ions  o f  the  na t iona l  
mode l  a re  inves t iga ted .  For  the  f i r s t  case  i t  i s  in i t ia l l y  
assumed tha t  the  f l ex ib i l i t y  cons t ra in ts  (as  in  (4 .1 . i i i ) )  a re  
no t  b ind ing ;  the  add i t iona l  compl ica t ions  when the  f lex ib i l i t y  
cons t ra in ts  a re  b ind ing  (and  a re  a lso  cons is ten t  w i th  resource  
ava i lab i l i t y )  i s  then  shown.  
Iden t i£a l_ reg ions_and_nonrb ind ing_resourçe_use_f iex ib i i i t i es  
Assume tha t  the  na t iona l  mode l  i s  as  spec i f ied  in  (4 .1 )  and  
(4 .2 ) .  For  no ta t iona l  s imp l i c i t y  the  r |  vec to r  o f  inpu t  p r i ces  
has  been d ropped s ince  no  compara t i ve  s ta t i cs  w i th  i t  w i l l  be  
done.  Assume tha t  the  cond i t ions  fo r  cons is ten t  aggregat ion  f rom 
the  f i rm leve l  to  the  reg iona l  leve l  aggregate  mode l  
representa t ions  have  been met  such  tha t  each  MC| j  i s  a  cons tan t .  
I t  i s  shown be low tha t  the  equ i l ib r ium cond i t ions  (4 .4 . i )  w i l l  
no t  necessar i l y  be  sa t i s f ied  as  equa l i t i es  s ince  the  LHS and RHS 
components  may be  inequa l i t i es .  I t  i s  s t i l l  the  case  tha t  the  U j  
te rm ( resource  ren t )  can  be  fac to red  ou t ;  whether  the  LHS i s  
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grea te r  than ,  equa l  to  o r  less  than  the  RHS i s  an  empi r i ca l  
ques t ion .  
Proceed ing  w i th  th is  qua l i ta t i ve  ana lys is  requ i res  some 
assumpt ions  about  re la t i ve  marg ina l  cos t  o f  p roduc t ion  o f  the  
commodi t ies  in  reg ions .  The a rb i t ra ry  assumpt ions  made here  a re  
shown in  F igure  4  w i th  the  assumpt ion  tha t  each  T ' j j  i s  equa l  to  
zero .  The exp lana t ion  o f  the  mode l  so lu t ion  imp l ied  by  F igure  4  
a lso  shows why  (4 .4 . i>  do  no t  ho ld  as  equa l i t i es  in  the  l inear  
cos t  case .  
F igure  4  i s  drawn under  the  assumpt ion  tha t  MCj^2  much 
lower  than  a l l  o ther  MCj j  and  w i th  reg ion  2  hav ing  overa l l  
re la t i ve ly  h igher  MC.  I t  i s  a lso  assumed tha t  the  resource  
f l ex ib i l i t y  cons t ra in ts  a re  non-b ind ing  and tha t  more  than  enough 
resources  ex is t  to  produce a l l  spec i f ied  demands .  
Wi th  these  assumpt ions ,  resource  1  i s  used as  necessary  to  
p roduce a l l  o f  Q2.  Any  remain ing  L j  i s  used in  p roduc t ion  o f  Q j ,  
On ly  i f  reg ion  1  i s  unab le  to  produce a l l  o f  bo th  Q j  and  Q2 w i l l  
any  o f  the  resources  in  reg ion  2  be  u t i l i zed .  The i l l us t ra t ion  
assumes tha t  some o f  the  resources  o f  reg ion  2  a re  used fo r  
p roduc t ion  o f  commodi ty  1 .  The imp l ied  resource  ren ts  and 
commodi ty  va lues  can  a lso  be  seen in  F igure  4 .  
S ince  hav ing  one less  un i t  o f  resource  1  ava i lab le  requ i res  
sh i f t ing  produc t ion  o f  l /a^ j  un i ts  o f  commodi ty  1  f rom reg ion  1  
to  reg ion  2 ,  the  resource  va lue  o f  reg ion  1  i s  equa l  to  
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L*1  
Resource !  
Q2 -  (L !  — L * i ) /a !2  — Q 12  
0*11  =  L* i /a i i  
Resource2  
0*21  ~  (Q|  ~  0*11)^*2 /312  
0*22  =  0  
F igure  4 .  Resource  a l loca t ion  in  the  l i near  marg ina l  cos t  case  
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< l / a j j > T h e  m a r g i n a l  v a l u e  o f  g o o d  1  i s  M C g ^  s i n c e  
t ha t  i s  the  cos t  o f  p roduc ing  an  add i t iona l  un i t .  Der iva t ion  o f  
the  marg ina l  va lue  o f  good 2  requ i res  cons idera t ion  o f  the  
oppor tun i ty  cos t  o f  resource  use  in  reg ion  1  and the  re la t i ve  
resource  use  requ i rements  o f  the  commodi t ies .  
Produc t ion  o f  an  add i t iona l  un i t  o f  good 2  requ i res  a j2  
un i ts  o f  resource  1 .  Us ing  a^2  un i ts  o f  resource  1  fo r  good 2  
makes  tha t  much less  ava i lab le  fo r  good 1 .  Some p roduc t ion  o f  
good 1  w i l l  be  sh i f ted  in to  reg ion  2  a t  a  cos t  inc rease  per  un i t  
o f  commodi ty  o f  (MC2i~MCy) .  I f  a^2  ^  " then  a  sh i f t  o f  % one 
un i t  o f  good 1  to  reg ion  2  w i l l  occur .  Th is  imp l ies  tha t  the  
marg ina l  cos t  o f  p roduc ing  an  add i t iona l  un i t  o f  good 2  i s  
^a i2 /a i i )MC2J.  
Th is  equ i l ib r ium in fo rmat ion  can  be  used to  de te rmine  the  
ou tcome o f  cond i t ions  (4 .4 .1 ) .  Note  tha t  each  X | j  equa l  zero  
wh i le  X<  0 s ince  =  MC21 and  i t  i s  assumed tha t  
MC21 >  MCj j .  S ince  Q* i2  ^  <MCj2  ~^2^  ~  ® where  X2  ~  
(a j2 /a jpMC2i .  Hence,  fo r  reg ion  1  <4.4 .  i>  i s  no t  an  equa l i t y .  
The same type  o f  resu l t  can  be  shown fo r  reg ion  2 .  The reg iona l  
p ro f i t  max imiza t ion  ana lys is  g iven  be low ind ica tes  tha t  there  i s  
rea l l y  no t  an  equ i l ib r ium fo r  th is  sys tem o f  mode ls  un less  p ro f i t  
max imizers  face  per fec t l y  ine las t i c  reg iona l  demand curves  wh ich  
a re  cons is ten t  w i th  the i r  techno logy  and o ther  cons t ra in ts .  
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The p r i ce  se ts  fo r  the  reg iona l  p ro f i t  max imiza t ion  mode ls  
imp l ied  by  the  na t iona l  mode l  ou tcome a re  shown in  (4 .8 )  where  i t  
i s  assumed tha t  the  absence o f  resource  use  f l ex ib i l i t y  
cons t ra in ts  cor responds  w i th  the  lack  o f  subs id ies  (see  the  fo rm 
o f  p r i ce  cor respondences  g iven  in  (4 .7 ) ) .  The p ro f i t  
max imiza t ion  mode ls ,  g iven  these  p r i ce  se ts ,  a re  shown in  (4 .9 )  
and  (4 .10)  a long  w i th  the i r  FOC.  
In  reg ion  1  the  equ i l ib r ium g iven  by  (4 .9 .1 )  and  (4 .9 . i i )  i s  
no t  we l l  de f ined .  The ac tua l  ou tcome depends  on  whether  o r  no t  
p roducers  charge  themse lves  the  resource  use  oppor tun i ty  cos t .  
I f  the  resource  use  charge  i s  no t  inc luded the  p ro f i t s  per  un i t  
fo r  commodi ty  1  are  pos i t i ve  (MC21 >  MCj j )  wh i le  fo r  good 2  
pos i t i ve  p ro f i t s  o r  no t  i s  an  empi r i ca l  ques t ion  C (a^2 ' '3 ]L  j )MC2i^  
MC12 ? ] .  
Which  ever  good has  the  la rges t  per  un i t  p ro f i t s  w i l l  
rece ive  the  en t i re  a l loca t ion  o f  the  resource  and i t s  produc t ion  
leve l  w i l l  be  Q* j j  =  L j /a j j .  I f  bo th  goods  have  pos i t i ve  p ro f i t s  
tha t  a re  equa l  then  the  so lu t ion  i s  inde te rmina te .  
I f  a  resource  use  charge  (MC21 ~  ' s  inc luded in  
reg ion  1  then  p ro f i t s  fo r  commodi ty  1  a re  exac t l y  equa l  to  zero  
wh i le  fo r  good 2  i t  i s  an  empi r i ca l  ques t ion .  E i ther  one good 
rece ives  the  en t i re  resource  a l loca t ion ,  ne i ther  a re  p roduced a t  
a l l  o r  e lse  the  so lu t ion  i s  inde te rmina te  i f  bo th  have  equa l  
pos i t i ve  p ro f i t s .  
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(4 .8 )  ( i>  CP j j ,P j2 , r j , s i j /au ,s j2 /a i2^  =  
CHC21J (aJ2 ' ' ' aJ j )MC2J,  (MC2j~MCj j ^ ) /a j ^ j ,0 ,0 ! l  
( i i>  ' - ' ^21 ' ' ^21  ' ' *2 '®21 ' ' ^21  '®22 ' ' ^22^  ~  
(4 .9 )  ( i )  Max TT^ =  ' ^ l l ^ l l  ~  C(Qj j ^ )  +  P]^2^12 ~  ^^^12^  - r ^L^  
Q i j  
ÔTTi  ^TT i 
( i i )  M C 2 1  —  —  ( M C 2 1  - M C j ^ j )  <  0 ;  Q * j j ^  
&Q1I  ÔQ 
= 0; 
0*11 > 0 
11 
( i i i )  -  M C 2 1  ~  M C 2 2  "  ( a j ^ 2 / 3 i i ^  ( M C 2 j  — M C j j )  <  0 ;  
ÔQ12 
0^2  
12 —-
ÔQ12 
Q*  =  0 ;  Q* i2  2  0  
(4 .10)  ( i )  Max ^2  — ^^21^21 ~  C(Q2 j^ )  +  ^22^22 ~  ^^^22^  ^2^2  
Q;  
'IJ 
0^2  01^2  
( i i )  =  M C 2 1  -  M C 2 1  <  0 ;  Q * 2 I  =  0 ;  Q * 2 i  >  0  
3Q2I  
d^2 
dQ 21 
87^2  
<  0 ;  Q 00  =  0 ;  ( i i i )  -  (312/^11^^^21  "MC22 ^  v ;  y  22  
&Q22 3  Q22 
0*22  -  ® 
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The same type  o f  ou tcome ex is ts  fo r  reg ion  2 .  There  a re  no  
der ivab le  in te rmode I  p r i ce  cor respondences  wh ich  w i l l  ensure  
behav io ra l  cons is tency .  In  conc lus ion ,  the  l i near  cos t  
cond i t ions  needed fo r  aggregat ion  cons is tency  resu l t  in  
incons is ten t  behav io ra l  ou tcomes among the  mode ls .  
Iden t i ca l  reg ions ,  a l l  resource  use  res t r i c t ions  b ind ing  
Assume mode l  parameters  the  same as  in  the  p rev ious  case  
except  tha t  a  fu l l  se t  o f  resource  use  res t r i c t ions ,  L j j ,  a re  now 
b ind ing .  Assume tha t  these  res t r i c t ions  g ive  ou tcomes d i f fe ren t  
than  the  op t ima l  ones  found in  the  p rev ious  case ,  tha t  the  
res t r i c t ions  are  cons is ten t  w i th  resource  ava i lab i l i t y ,  and tha t  
f ree  d isposa l  o f  any  excess  p roduc t ion  i s  poss ib le .  Wi th  these  
assumpt ions  i t  i s  known be fo re  the  so lu t ion  i s  ob ta ined  tha t  u^  =  
"2  ~  1  ~  2  "  0 .  The so lu t ion  a t  the  na t iona l  leve l  mode l  i s  
de te rmined as  Q* j j  =  L j j /a j j  s ince  a l l  marg ina l  cos ts  a re  
s t r i c t l y  pos i t i ve  and the  resource  use  res t r i c t ions  w i l l  ho ld  as  
equa t  i  t i  es .  
In  the  reg iona l  p ro f i t  max imiza t ion  mode ls  the  imp l ied  
commodi ty  p r i ces  must  account  fo r  the  f l ex ib i l i t y  cons t ra in ts  as  
shown in  <4 .7 . i i ) ,  i . e . ,  in  the  fo rm o f  commodi ty  subs id ies .  
Th is  in te rp re ta t ion  assumes the  " imputed  ren t "  on  the  f l ex ib i l i t y  
cons t ra in ts  i s  equ iva len t  to  the  subs id ies  on  commodi t ies  in  the  
p ro f i t  max imiza t ion  mode ls  when ad jus ted  to  equa l  un i ts .  The 
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<4.11)  < i>  [P i i ,P i2 ' r i 'S l l /3 l l 'S l2 /3 l2 ]  ~  
[0 ,0 ,0 ,MCi  1^3 1^2.^  
( i i >  C P 2 1  , P 2 i  I > ' 2 > ^ 2 1 / 3 2 1  » 5 2 2 ' ' 3 2 2 ]  ~  
[0 ,0 ,0 ,MC2i /a2 l  > ^^^22^  ^ 22^  
(4 .12)  ( i )  Max TT^  -  — C(Qi j ^ )  +  MCi2Qi2 /a i2  ~  0(0^2^  
Q i  
( i  i )  
( i  i  i )  
'I J 
STTj  
ÔQ1I  
S lT l  
ÔQ12 
-  MC2i /a i i  -  MCi i  
^  3%" !  
1  0 ;  Q 11  =  0 ;  Q* i i  >  0  
SQ 11 
— MCj2 ' 'a j2  ~  MC^2 ^  0» ^ *12  ~  0»  ^ *12  — ^  111 
8Qi2  
(4 .13)  ( i )  Max TT^  — ^021^21/^21  "  ^ ^^21^  ^  MC22Q22/322 ~  C(Q22)  
Q:  
( i  i )  
( i  i  i )  
' I  J  
b-nz 
ÔQ21 
0^2  
-  MC2i /a2 i  -  MC21 10 ;  Q 21  -  0» ^ *21  -  ® 
ÔQ21 
2 
— MC22/322 ~ MC22 ( 0 ; Q 22 "Of Q 22 - 0 
Ô Q22 ^  Q22 
(4 .14)  ( i )  4  -  A 1  +  u i  >  0 ;  (  )  =  0 ;  Q*^  > 0  
( i i )  2  -  A  2  ^  2  0 ;  Q * i 2  (  )  ~  0 ;  Q * i 2  —  0  
( i i i )  3 -  ^ i + U 2 > 0 ;  Q * 2 1  (  )  =  0 ;  0 * 2 1  -  ®  
( i v )  6  —  X 2  +  U 2  2  0 ;  0 * 2 2  (  ^  =  0 ;  0 * 2 2  —  0  
(v )  100  -  Qj j  -  O21 )  0 ;  x * i  (  )  =  0  
( v i )  1 6 0  -  Q j ^ 2  ~  Q 2 2  2  0 ;  A * 2  (  )  =  0  
(v i  i )  85  -  Oi l  ~  Q12 -  u* i  (  )  =  0  
( v i  i  i )  4 0 0  —  Q 2 1  ~  Q 2 2  -  0 ;  u * 2  (  )  =  0  
À* l  >  0  
X*2  2  0  
u* l  <  0  
u*2  1  0 
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pr ice  se ts  fo r  the  two reg ions  a re  g iven  in  <4 .11>.  The 
cor respond ing  reg iona l  mode ls  a re  g iven  in  <4 .12)  and  (4 .13) .  
In  a l l  the  ôTT/ôQj j  i n  (4 .12)  and  (4 .13)  un less  a j j  =  1  the  
equ i l ib r ium in  no t  we l l  de f ined .  I f  a j j  >  1  then  negat ive  per  
un i t  p ro f i t s  ex is t  and no  p roduc t ion  occurs .  I f  a j j  <  1  then  
pos i t i ve  p ro f i t s  ex is t  and  no  leve l  o f  Q* j j  sa t i s f ies  the  FOC.  
Produc t ion  w i l l  expand to  the  l im i t  imposed by  the  ava i lab i l i t y  
o f  f i xed  resources  in  each  reg ion  fo r  the  commodi ty  w i th  the  
h ighes t  per  un i t  p ro f i t s .  When a ; j  =  1  per  un i t  p ro f i t s  a re  
equa l  to  zero  and there  i s  ind i f fe rence  be tween p roduc ing  no th ing  
and p roduc ing  any  o ther  leve l  up  to  the  l im i t  imposed by  resource  
ava i lab i l i t y .  
Identiçai_regloQSi_some_resourçe_use_restriçtioos_blnding 
In  app l ied  po l i cy  mode l ing  the  more  common scenar io  wou ld  
have  some resource  and some resource  use  f l ex ib i l i t i es  b ind ing  
s imu l taneous ly  ( though never  a t  the  same t ime fo r  the  same 
resource  un i t ) .  The resu l ts  o f  tha t  case  a re  somewhere  be tween 
the  two ex t reme cases  covered  above.  The in te r -mode l  resu l ts  
w i l l  aga in  be  incons is ten t .  
Nonridentiçai_regions_aQd_other_lDçonsistençies 
One p rob lem f requent ly  encountered  when compar ing  o r  l i nk ing  
economic  mode ls  i s  tha t  they  have  d i f fe ren t  reg iona l  
spec i f i ca t ions .  There  a re  a lso  po ten t ia l  p rob lems a r i s ing  when 
the  reg ions  f rom wh ich  the  mode l  da ta  ( techno logy  and resources)  
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are  co l lec ted  do  no t  match  mode l  reg ions  and we igh ted  averages  o f  
the  o r ig ina l  da ta  a re  fo rmed.  The p rob lem i s  approached in  two 
s teps .  F i rs t ,  the  ou tcomes o f  a  new na t iona l  mode l  w i th  
d i f fe r ing  reg iona l  spec i f i ca t ion  are  compared  to  the  o r ig ina l  
mode l .  Second ly ,  the  imp l i ca t ions  fo r  the  reg iona l  mode ls  g iven  
d i f fe r ing  reg iona l  spec i f i ca t ions  i s  i l l us t ra ted .  I t  is  assumed 
tha t  the  new reg ions  fo r  the  na t iona l  mode l ,  and  R"2  a re  
fo rmed f rom the  o ld  reg ions  by  =  l /3R° j  +  2 /3R°2  and R^g  =  
2 /3R0 i  +  1 /3R®2.  
The resource  cons t ra in ts  fo r  the  new reg ions  a re  jus t  the  
sums o f  the  appropr ia te  par ts  o f  the  o ld  reg ions ,  assuming  the  
ava i lab le  da ta  a re  su f f i c ien t l y  de ta i led  to  a l low such  a  
d iv is ion .  However ,  i f  new cos ts  ( techno logy)  a re  fo rmed us ing  
we igh ted  por t ions  o f  the  o ld  reg iona l  cos ts  ( the  we igh ts  be ing  
based on  resource  p ropor t ions)  the  po ten t ia l  fo r  la rge  e r ro rs  i s  
in t roduced.  The sma l les t  e r ro r  method fo r  we igh t ing  the  cos ts  i s  
tha t  based on  the  l i ke ly  so lu t ion  (o r  some base)  p roduc t ion  
pa t te rn .  An i te ra t i ve  so lu t ion  and da ta  rewe igh t ing  scheme may 
be  used to  ge t  th is  des i red  we igh t ing .  Even so ,  the  resu l ts  w i l l  
be  cor rec t  on ly  as  long  as  none o f  the  parameters  o f  the  prob lem 
(such  as  demand leve ls  o r  po l i cy  parameters )  change.  
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The ana ly t i ca l  fo rm o f  the  FOC f rom (4 .2 )  a re  combined w i th  
some numer ica l  va lues  to  g ive  the  FOC fo r  th is  case  as  shown in  
<4 .14>.  Note  tha t  i t  i s  assumed tha t  a l l  a j j  =  1  and tha t  none 
o f  the  resource  use  f l ex ib i l i t i es  are  b ind ing .  The equ i l ib r ium 
produc t ion  va lues  a re  85  fo r  good 2  in  reg ion  1 ,  75  fo r  good 2  in  
reg ion  2 ,  100 fo r  good 1  in  reg ion  2  and 0  fo r  good 1  in  reg ion  
1 .  Wi th  these  numer ica l  va lues  (4 .14)  a lso  shows exac t l y  how the  
FOC a re  sa t i s f ied .  I t  can be  seen tha t  in  the  so lu t ion  resource  
1  i s  used up .  I f  one less  un i t  o f  resource  1  were  ava i lab le  the  
p roduc t ion  o f  good 2  wou ld  have  to  sh i f t  to  reg ion  2  by  1  un i t  a t  
a  marg ina l  cos t  inc rease  o f  4 .  There fo re  the  marg ina l  va lue  o f  
resource  1  i s  4  wh i le  the  va lue  o f  resource  2  i s  zero  s ince  some 
o f  the  resource  i s  unused.  S ince  the  las t  un i ts  o f  each  good a re  
p roduced in  reg ion  2 ,  the  marg ina l  va lues  a re  3  fo r  good 1  and 6  
fo r  good 2 .  The reg iona l  p ro f i t  max imiza t ion  mode l  resu l ts  fo r  
th is  case  a re  ana ly t i ca l l y  no  d i f fe ren t  than  fo r  the  p rev ious  
case  so  a re  no t  shown.  
The same ana ly t i ca l  FOC fo rms as  in  (4 .14)  a re  used fo r  the  
new reg ions  as  shown in  (4 .15)  w i th  the  coe f f i c ien ts  deve loped as  
exp la ined  above fo r  the  rede f ined  reg ions .  Now a  d i f fe ren t  
so lu t ion  occurs  bu t  what  i t  i s  cannot  be  seen.  The marg ina l  cos t  
o f  p roduc t ion  fo r  each  good i s  the  same in  bo th  reg ions .  A lso  
reg ion  I  now has  su f f i c ien t  resources  to  produce to ta l  demand fo r  
bo th  goods .  The na t iona l  cos t  m in im iza t ion  prob lem i s  now 
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i nde te rmina te  and the  imp l ied  p roduc t  p r i ces  are  3  and 4 .13  fo r  
goods  1  and 2  regard less  o f  wh ich  feas ib le  p roduc t ion  pa t te rn  i s  
chosen.  
The to ta l  cos t  o f  p roduc t ion  i s  960,  the  same as  f rom 
(4 .14) .  Now resources  in  bo th  reg ions  a re  va lued  a t  zero  s ince  
in  excess .  S ince  the  so lu t ion  to  (4 .15)  i s  degenera te  i t  cannot  
be  sa id  to  d isaggregate  to  the  so lu t ion  f rom (4 .14)  us ing  the  
we igh ts  (4 .15)  was  fo rmed w i th .  A lso  no te  tha t  w i th  the  new 
reg ions ,  i f  demands  a re  inc reased the  inc reased cos t  w i l l  be  less  
than  w i th  the  o ld  reg ions .  As  s ta ted  by  Haze l  I  and  Nor ton  (1986,  
page 145) :  "aggregat ion  b ias  i s  a lways  in  an  upward  d i rec t ion ;  
i t  overs ta tes  resource  mob i l i t y  by  enab l ing  fa rms to  combine  
resources  in  p ropor t ions  no t  ava i lab le  to  them ind iv idua l l y ,  and  
i t  car r ies  the  imp l i c i t  assumpt ion  tha t  a l l  o f  the  aggregated  
fa rms have  equa l  access  to  the  same techno log ies  o f  p roduc t ion" .  
Equat ions  (4 .16)  g ive  the  p ro f i t  p rob lem and so lu t ion  fo r  
the  o ld  reg ions  and (4 .17)  g ive  i t  fo r  the  new reg ions .  Ne i ther  
(4 .16)  nor  (4 .17)  dup l i ca te  the  respec t i ve  cos t  m in im iza t ion  
so lu t ions  bu t  (4 .17)  g ives  the  la rger  e r ro r ,  par t i cu la r l y  i f  the  
new p ro f i t  max imiza t ion  so lu t ion  i s  compared  to  the  o ld  na t iona l  
mode l .  The  b igges t  p rob lem,  due to  the  cons tan t  cos ts ,  i s  the  
inde te rmina te  so lu t ions  jus t  as  in  the  p rev ious  case .  The 
c ruc ia l  i ssue ,  g iven  the  d i f fe r ing  reg iona l  de f in i t ions  used in  
var ious  mode ls  i s  how to  fo rce  the  so lu t ions  to  the  new p ro f i t  
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)  < i )  3  - X l  +  u i  >  0 ;  0*11  (  )  =  0 ;  0*11  >  0  
< i  i )  4 .13  
-  ^  2  "1  - 0 ;  0*12  (  )  =  0 ;  0*12  - 0  
< i  i  i )  3  - X1 +  U2 >  0 ;  0*21  (  )  =  0 ;  0*21  — ® 
( i v )  4 .13  
— X  2  ^2  ^  0 ;  0*22  (  )  =  0 ;  0*22  ^  0  
(v )  100  
-  O i l  -  021 >  0 ;  X* i  (  )  =  0 ;  X* i  >  0  
(v i )  160  
-  Qj2  -  022 ^  0 ;  X*2  (  > =  0 ;  X*2  2  0  
<v i  i )  295  
-  O i l  -  QI2  >  0 ;  u* i  (  )  =  0 ;  u* i  <  0  
(v i i i )  190 
-  Og i  -  Q22 >  0 ;  u*2  (  )  =  0 ;  u*2  <  0  
(4 .16)  Max I  -  -  4Qj^ j  +  6Qj2  — 4Q^2 ~  20^2  
FOC:  r r ^o l  =  3~4-4<0 so Q* j i  =  0  
jT^oZ =  6 -  4 -  2 =  0  so  0  <  Q* j2 < 85 ,  
i  ndetermi  na te  
Max 7 r °2  ~  ^^21  ~  3Qi i  +  6Qj2  ~  6  Qj2  
FOC:  j r ^o l  ~  =  0  so  0  <  0*21  -  400,  inde te rmina te  
7r^p2  =  6 -6  =  0  so  0  <  0*22  -  400,  inde te rmina te  
(4 .17)  Max =  30 i i  -  SOu -  4.130^2  '  4.130^2  
FOC:  =  3  -  3  =  0  so  0  <  Q* i i  <  295  
=  4 .13  -  4.13  =  0  so  0  <  0*^2  <  295  
Max ^ •^2  -  3021 ~  302 j  ~  4 .13022 " "  4 .13022 
FOC:  =3 -3  = 0  so  0  <  0*21  <  190  
7r^Q2 ~  4 .13  -  4.13  =  0  so  0  <  Q*  <  190  
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maximiza t ion  p rob lems o f  (4 .17)  to  dup l i ca te  those  o f  the  o ld  
na t iona l  shown in  (4 .14) .  Unfor tuna te ly ,  there  seems to  be  no  
in tu i t i ve  ana ly t i ca l  method.  A r t i f i c ia l  cons t ra in ts  wou ld  have  
to  be  imposed.  Even i f  non- l inear  fo rms were  assumed and fo r  a  
spec i f ied  base  so lu t ion  in te r—mode l  cons is tency  cou ld  be  ob ta ined  
the  ana lys t  w i l l  s t i l l  be  faced  w i th  the  p rob lem o f  ad jus tment  o f  
the  aggregat ion  we igh ts  fo r  d i f fe ren t  po l i cy  scenar ios  ( th is  i s  
d iscussed in  de ta i l  i n  the  nex t  sec t ion) .  
T ransmi t ta l  o f  po l i cy  and o ther  shocks  
Be fo re  any  mode l  o r  sys tem o f  mode ls  can  be  accepted  fo r  
po l i cy  ana lys is  i t s  compara t i ve  s ta t i cs  must  be  ve r i f ied .  In  the  
sys tem imp l ied  in  (4 .2 )  w i th  non- l inear ,  we l l  behaved techno logy  
and cos ts  the  compara t i ve  s ta t i cs  assoc ia ted  w i th  shocks  in  
exogenous  parameters  a re  s t ra igh t  fo rward  and can  be  shown w i th  
the  FOC o r  in  the  g raph ica l  p resenta t ion  o f  F igure  1 .  However ,  
j us t  because the  compara t i ve  s ta t i cs  o f  the  aggregate  mode l  a re  
cons is ten t  w i th  the  ana lys t ' s  expec ta t ions ,  there  i s  no  guaran tee  
about  cons is tency  w i th  the  mic ro -behav io r  o f  the  ind iv idua l  
f  i  rms.  
I t  has  a l ready  been show tha t  non- l inear  we l l  behaved 
aggregate  func t ions  a re  no t  cons is ten t  w i th  aggregat ion  o f  we l l  
behaved mic ro  func t ions  when l i near  aggregat ion  ru les  are  used.  
Use o f  non- l inear  aggregat ion  ru les  resu l t  i n  ind ices  o f  p r i ces  
and quant i t ies  in  the  aggregate  mode l  wh ich  lack  the  des i red  
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i n te rp re ta t ion .  Hence,  the  compara t i ve  s ta t i cs  o f  the  l i near  
aggregat ion  case  must  be  cons idered .  
Cons ider  aga in  the  example  o f  l i near  (homothe t i c )  
aggregators  g iven  in  Chapter  I .  F i rs t ,  suppose tha t  the  
homothe t i c  assumpt ion  i s  t rue .  The aggregators  a re  l i near  w i th  
coe f f i c ien ts  represent ing  we igh ts  o r  shares .  I s  i t  reasonab le  
fo r  those  shares  to  remain  cons tan t  regard less  o f  the  po l i cy  
scenar io  cons idered? I f  cons tan t  shares  a re  no t  reasonab le  then  
can  po l i cy  dependent  share  coe f f i c ien ts  be  der ived  o r  shou ld  an  
a t tempt  be  made to  es t imate  what  the  shares  migh t  be  under  the  
new scenar io .  I f  i t  i s  reasonab le  fo r  the  shares  to  remain  
cons tan t  then  employment  o f  bo th  aggregated  and d isaggregated  
mode ls  i s  no t  needed.  The aggregate  mode l  cou ld  be  so lved  and 
then  d isaggregated  w i th  the  cons tan t  shares .  I f  i t  i s  no t  
reasonab le  fo r  the  shares  to  remain  cons tan t  and  enough 
in fo rmat ion  i s  ava i lab le  to  spec i fy  endogenous  shares  o r  the  
appropr ia te  shares  a f te r  the  po l i cy  impac ts  occur ,  then  enough 
in fo rmat ion  i s  ava i lab le  tha t  the  ana lys is  need no t  be  per fo rmed;  
the  impac ts  can  be  genera ted  ou ts ide  the  mode l  us ing  the  
endogenous  share  in fo rmat ion .  
Suppose tha t  the  techno logy  i s  no t  rea l l y  homothe t i c  bu t  
ana lys is  p roceeds  as  i f  i t  were .  The i ssue  then  becomes an  
empi r i ca l  one .  F i rs t ,  shares  must  be  chosen,  p resumab ly  based on  
da ta  f rom the  s ta tus  quo ou tcome.  Second ly ,  cau t ion  must  be  used 
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i n  in te rp re t ing  the  resu l ts .  Regard less  o f  the  de ta i l  o r  
s t ruc tu ra l  e legance o f  the  mode l  po l i cy  shocks  w i l l  tend  to  occur  
as  l i near  dev ia t ions  f rom some sor t  o f  an  average.  The es t imated  
impac ts  w i l l  be  e i ther  under  o r  overs ta ted  w i th  the  d i rec t ion  and 
s ize  o f  the  e r ro r  be ing  an  empi r i ca l  ques t ion .  Wi th  su f f i c ien t  
research  budget  the  compara t i ve  s ta t i cs  o f  the  mode l  can  be  
exp lo red  and compared  to  empi r i ca l  da ta  w i th  i te ra t i ve  
ad jus tments  to  coe f f i c ien ts  un t i l  an  acceptab le  so lu t ion  i s  
reached.  I t  i s  a lso  poss ib le  to  inc lude  exogenous  in fo rmat ion  in  
the  fo rm o f  mode l  s t ruc tu ra l  cons t ra in ts  in  such  a  fash ion  as  to  
gu ide  the  compara t i ve  s ta t i cs .  
Cone I  us  i  ens  
The resu l ts  o f  th is  chapter  shou ld  no t  be  taken  to  in fe r  
tha t  aggregate  mode ls  a re  no t  use fu l  s ince  they  cannot  be  
guaran teed  cons is ten t .  I t  i s  p robab le  tha t  the  demand fo r  
reg iona l  and  na t iona l  leve l  na tu ra l  resource  po l i cy  ana lys is  w i l l  
con t inue  to  grow-  I t  i s  a lso  l i ke ly  tha t  researchers  w i l l  be  
fo rced  to  become even more  e f f i c ien t  in  the i r  work  w i th  less  
resources  ava i lab le  fo r  empi r i ca l  tes t ing  and compar ison  o f  
a l te rna t i ve  s t ruc tu res .  
The genera l  imp l i ca t ion  i s  tha t  more  care  in  in te rp re ta t ion  
and app l i ca t ion  o f  the  mode l  resu l ts  i s  needed.  In  par t i cu la r ,  
when mode l  resu l ts  a re  be ing  communica ted  to  non-mode le rs  
appropr ia te  qua l i f i e rs  as  to  the  accuracy  o f  the  resu l ts  and 
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proper  use  shou ld  be  g iven .  The resu l ts  shown in  th is  chapter  
suppor t  the  fo l low ing  conc lus ions .  
A .  Aggregat ion  cons is tency  theorems a re  ava i lab le  and can  serve  
as  use fu l  gu ide l ines  fo r  cons t ruc t ing  aggregate  mode ls  and  fo r  
the  type  o f  qua l i f i e rs  wh ich  need to  be  a t tached to  aggregate  
resu l ts  and to  the  cor respond ing  we l fa re  impac t  es t imates .  
1 .  Even though theorems fo r  cons is ten t  aggregat ion  a re  
ava i lab le ,  sa t i s fac t ion  o f  the i r  requ i rements  may no t  make 
sense  in  empi r i ca l  economic  ana lys is ;  the  requ i red  
res t r i c t ions  on  techno logy  and p re fe rences  a re  genera l l y  no t  
be l ievab le  in  an  empi r i ca l  sense .  
2 .  For  po l i cy  ana lys is ,  sa t i s fac t ion  o f  the  s t r ingent  
cons is tency  theorems imp l ies  an  absence o f  d i f fe ren t ia l  
impac ts  ac ross  and w i th in  groups  o f  agents  and /o r  reg ions  
and so  ana lys is  i s  no t  so  use fu l .  
3 .  S ince  the  sa t i s fac t ion  o f  the  theorems a re  no t  so  
be l ievab le  in  an  empi r i ca l  sense ,  fa i lu re  to  sa t i s fy  s t r i c t  
cons is tency  w i th  chosen mode l ing  s t ruc tu res  shou ld  no t  be  
cons idered  so  ser ious .  
4 .  The theorems do  p rov ide  use fu l  gu ide l ines  on  the  
imp l i ca t ions  o f  choos ing  among a l te rna t i ve  Iess- than-s t r i c t  
p rocedures  when empi r i ca l  mode ls  a re  be ing  cons t ruc ted .  
104 
B.  The use  o f  sys tems o f  mode ls  where  the  lower  d imens ion  mode ls  
a re  components  o f  the  h igher  d imens ion  mode l  can  be  jus t i f i ed  fo r  
severa l  a l te rna t i ve  scenar ios  o f  mode l  s t ruc tu re  and cons is tency .  
Th is  i s  impor tan t  i n  empi r i ca l  na t iona l / reg iona l  and /o r  
aggregate / f i rm leve l  mode l ing  sys tems fo r  po l i cy  ana lys is .  
1 .  Suppose tha t  e i ther  cons is ten t  non- l inear  aggregat ion  
fo rms a re  used o r  tha t  the  i ssue  o f  aggregat ion  cons is tency  
i s  over looked such  tha t  w i th  the  chosen mode ls  the  f i r s t  and 
second o rder  cond i t ions  fo r  op t im iza t ion  a re  sa t i s f ied .  In  
th is  case  in te rmode l  p r i c ing  cor respondences  can  be  so lved  
fo r  so  tha t  the  lower  d imens ion  mode ls  g ive  the  same p r ima l  
and  dua l  so lu t ion  resu l ts  fo r  tha t  en t i t y  and leve l  o f  
aggregat ion  as  a re  g iven  by  the  h igher  d imens ion  mode l .  
2 .  I f  the  chosen mode ls  invo lve  l i near i t y  o r  a re  
abs t rac t ions  o f  rea l i t y  to  such  an  ex ten t  tha t  a r t i f i c ia l  
cons t ra in ing  methods  a re  requ i red  to  cond i t ion  the  p r ima l  
so lu t ions  o f  the  mode ls  i n  the  sys tem,  in fo rmat ion  f rom the  
cor respond ing  dua l  so lu t ions  can  be  used to  ad jus t  bo th  the  
cons t ra in t  leve ls  and the  p r i c ing  ru les  incorpora ted  in  the  
ob jec t i ve  func t ions  such  tha t  cons is ten t  so lu t ions  (and  
po l i cy  impac ts )  can  be  es t imated .  
3 .  In  cases  where  mode l  s t ruc tu re  i s  su f f i c ien t l y  complex  
tha t  ana ly t i ca l  so lu t ions  are  d i f f i cu l t  to  ob ta in  and 
in te rp re t  some gu ide l ines  fo r  in te rmode l  cor respondences  can  
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be ob ta ined  f rom s imp le r  mode ls .  Syn the t i c  mode ls  o f  a  
s imp le r  na tu re  cou ld  be  cons t ruc ted  and so lved  w i th  numer ic  
p rocedures  to  compare  the  e f fec ts  o f  a l te rna t i ve  mode l  
s t ruc tu res  when ana ly t i ca l  resu l ts  a re  d i f f i cu l t  to  ob ta in .  
4 .  These resu l ts  imp ly  tha t  reg iona l  mode ls  can  be  used fo r  
na tu ra l  resource  po l i cy  ana lys is  in  the  Un i ted  S ta tes  in  a  
manner  such  tha t  the i r  so lu t ions  w i l l  be  cons is ten t  w i th  
na t iona l  ana lys is  (wh ich  may no t  be  per fo rmed) .  Th is  means  
tha t  mode ls  can  be  ta i lo red  to  reg iona l l y  spec i f i c  i ssues  
wh i le  in te r reg iona l  ex te rna l i t y  i ssues  a re  accounted  fo r  and 
tha t  overa l l  ana lys is  w i l l  be  more  e f f i c ien t .  
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CHAPTER V .  
AN APPLICATION WITH EXISTING MODELS 
In t roduc t ion  and Out l ine  o f  the  Exerc ise  
Th is  chapter  p rov ides  an  app l i ca t ion  o f  the  concepts  f rom 
the  p rev ious  chapters  to  a  se t  o f  ex is t ing  mode ls .  The example  
mode ls  i n  the  p rev ious  chapters  were  necessar i l y  s imp le  so  tha t  
resu l ts  cou ld  be  shown ana ly t i ca l l y .  The mode ls  used in  th is  
chapter  a re  fa r  more  complex  and  c lear  ana ly t i ca l  cor respondences  
a re  more  d i f f i cu l t  to  f ind  and i l l us t ra te .  Th is  exerc ise  i s  
des igned to  show why app l ied  mode ls  a re  in  genera l  less  r igorous  
f rom a  theore t i ca l  s tandpo in t  than  cons is tency  theorems d ic ta te .  
More  impor tan t ;  the  exerc ise  a lso  i l l us t ra tes  methods  by  wh ich  
mode l  cons is tency  can  be  improved.  
The na tu re  o f  poss ib le  cons is tency  l i nks  be tween two 
d i f fe ren t  ex is t ing  mode ls  a re  exp lo red  in  th is  chapter :  a  
na t iona l  cos t  m in im iza t ion  p roduc t ion  and resource  a l loca t ion  
mode l  and  a  p ro f i t  max imiza t ion  mode l  o f  the  c rop  por t ion  o f  Iowa 
agr icu l tu re .  These mode ls  have  been deve loped separa te ly  over  
t ime in  response to  d i f fe r ing  po l i cy  ana lys is  needs .  Cur ren t l y ,  
commodi ty  p r i ce  and na tu ra l  resource  po l i cy  ques t ion  have  become 
in te r tw ined  and bo th  mode ls  a re  be ing  app l ied  to  the  same 
p rob I  ems.  
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The la rges t  cor respondence task  o f  th is  chapter  w i th  the  
ex is t ing  mode ls  i s  to  exp lo re  the  i ssue  o f  ex is tence  o f  
in te rmode l  cons is tency  l i nks  such  as  the  na t iona l  mode l  
cons t ra in t  se t  shadow p r i ces  be ing  in te rp re ted  as  the  reg iona l  
p ro f i t  mode l  commodi ty  p rogram subs id ies .  In  rea l i t y  the  chapter  
shows how p r ima l  so lu t ion  cons is tency  in  the  mode ls  comes a t  the  
expense o f  dua l  so lu t ion  cons is tency  and exp la ins  why th is  
ou tcome w i l l  l i ke ly  pers is t  in  s im i la r  app1 i  ed  mode I s .  
Var ious  methods  o f  a r t i f i c ia l  cons t ra in ts  p laced  in  each  
mode l  g ive  cons is ten t  p r ima l  in te rmode l  base l ine  resu l ts .  
Add i t iona l  cons t ra in ts  a lso  resu l t  i n  s im i la r  po l i cy  impac t  
es t imat ions  fo r  phys ica l  quant i t y  var iab les  f rom bo th  mode ls .  
However ,  the  resource  marke t  imp l i ca t ions  coming  f rom the  mode ls  
d i f fe r  d ramat ica l l y .  Th is  resu l t  ind ica tes  tha t  the  so lu t ions  
are  rea l l y  d r i ven  a t  leas t  par t l y  by  the  a r t i f i c ia l  cons t ra in ts  
ra ther  than  by  under ly ing  common o r  shared  economic  fac to rs .  
Th is  ou tcome imp l ies  tha t  the  po l i cy  es t imates  f rom bo th  mode ls  
may be  in  par t  a  resu l t  o f  the  a r t i f i c ia l  por t ions  o f  the  
spec i f  i  ca t ion .  
The na t iona l  cos t  m in im iza t ion  mode l  (NCM> assumes the  
ex is tence  o f  a  Long Run Compet i t i ve  Equ i l ib r ium (LRCE) .  However ,  
po l i cy  induced and o ther  d is to r t ions  ex is t  in  the  U.S.  
agr icu l tu ra l  sec to r  such  tha t  the  "p r i ce  equa l  to  marg ina l  cos t  
a t  a  min imum po in t  on  a  long  run  average cos t  curve"  cond i t ion  o f  
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a LRCE i s  no t  sa t i s f ied ;  in  th is  case  assuming  non-ex is tence  o f  
d is to r t ions  and eva lua t ing  the  impac ts  o f  commodi ty  and  resource  
po l i cy  v ia  compara t i ve  s ta t i cs  be tween a l te rna t i ve  LRCE i s  no t  
appropr ia te .  S ince  a  LRCE does  no t  ex is t ,  the  sec to r  ou tcome i s  
no t  one in  wh ich  i t  looks  as  i f  p ro f i t  max imizers  a re  min imiz ing  
average cos t .  The p r i ces  on  wh ich  dec is ions  a re  based a re  no t  
equa l  to  marg ina l  cos t  and  pos i t i ve  p ro f i t s  do  ex is t  wh ich  in  
tu rn  genera te  non-zero  marg ina l  ren ts  in  the  resource  marke ts .  
These non-zero  marg ina l  resource  ren ts  must  be  cor rec t l y  
accounted  fo r  in  any  we l fa re  impac t  ana lys is .  
The p resence o f  non-zero  marg ina l  ren ts  in  resource  marke ts  
requ i re  a  mode l ing  f ramework  in  wh ich  commodi ty  p r i ce  and 
resource  po l i cy  l i nks  are  made exp l i c i t .  Th is  mode l  shor tcoming  
i s  compensated  fo r  in  the  p r ima l  p rob lem by  h is to r i ca l  c rop  
acreage min imum cons t ra in ts .  When the  NCM i s  fo rced  to  dup l i ca te  
a  base l ine  scenar io  v ia  these  a r t i f i c ia l  cons t ra in ts ,  the  
so lu t ion  dua l  resource  va lues  do  no t  exh ib i t  charac te r i s t i cs  
expec ted  o f  an  equ i l ib r ium s i tua t ion .  L ikewise ,  the  mode l  
imputed  changes  in  resource  ren ts  due to  a  po l i cy  impos i t ion  a re  
charac te r i s t i c  o f  a  d isequ i l ib r ium in  wh ich  fu r ther  p ressures  fo r  
ad jus tment  ex is t .  
The Iowa S ta te  Mode l  ( ISM)  used in  th is  s tudy  was deve loped 
to  inves t iga te  the  impac t  o f  commodi ty  p r i ce  and resource  use  
po l i c ies  on  bo th  commodi ty  p roduc t ion  and resource  use  ou tcomes.  
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The ISM takes  p r i ces  as  f i xed ,  as  i f  the  s ta te  were  one g ian t  
p roducer .  The ta rge t  p r i ce ,  de f i c iency  payment ,  ac reage se t  
as ide ,  loan  ra te ,  base  acreage and CRP parameters  o f  cur ren t  fa rm 
po l i cy  a re  a l l  inc luded in  the  ISM.  However ,  the  par t i c ipa t ion  
cho ice  i s  near ly  f i xed  and what  sma l l  f reedom tha t  does  ex is t  i s  
in  the  fo rm o f  a  l i near  dec is ion  o r  "a l l  o r  no th ing"  type  o f  
ru le .  More  impor tan t l y ,  v iew ing  one s ta te  in  i so la t ion  f rom a l l  
o ther  s ta tes  does  no t  account  fo r  pecun ia ry  marke t  and  
techno log ica l  env i ronmenta l  ex te rna l i t i es  wh ich  read i l y  move 
ac ross  s ta te  boundar ies .  Th is  i s  par t i cu la r l y  impor tan t  when 
po l i cy  parameters  a re  dependent  on  aggregate  agr icu l tu ra l  sec to r  
ou tcomes.  
The commodi ty  po l i cy -p ro f i t  incen t i ves  weakness  o f  NCM and 
the  par t ia l  equ i l ib r ium nature  o f  ISM combined w i th  the  demands  
o f  cur ren t  po l i cy  ana lys is  have  led  to  bo th  mode ls  be ing  used 
jo in t l y .  Cons is tency  be tween the  mode ls  i s  des i red ,  no t  jus t  fo r  
the  p r ima l  quant i t y  so lu t ion  bu t  a lso  fo r  the  dua l  va lue  so lu t ion  
wh ich  has  imp l i ca t ions  fo r  resource  marke ts ,  we l fa re  
measurements ,  d isequ i l ib r ium tendenc ies  and so  fo r  ac tua l  
resource  a l loca t ion  ad jus tments  beyond the  p r ima l  so lu t ion  
i  mpac ts .  
The two mode ls  were  taken  as  i s  and so lu t ions  ob ta ined .  For  
each  mode l  cons t ra ined  so lu t ions  represent ing  base l ines  were  
ob ta ined .  For  each  mode l  the  cons t ra in ts  on  acreages  o r  
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quant i t ies  requ i red  to  ge t  an  adequate  representa t ion  o f  some 
h is to r i ca l  ou tcome fo r  the  base l ine  were  then  re laxed  and f ree  
so lu t ions  ob ta ined .  Wi th  these  four  so lu t ions  the  p r ima l  and  
dua l  aspec ts  o f  the  mode ls  a re  compared  and  a  d iscuss ion  o f  
cons is tency  p rob lems i s  g iven .  A re f ined  cons t ra ined  mode l  i s  
then  fo rmu la ted  and improved poss ib i l i t i es  fo r  in te rmode l  
cor respondences  a re  examined to  the  ex ten t  poss ib le .  
An idea l  exerc ise  fo r  de te rmin ing  be t te r  in te rmode l  
cor respondences  wou ld  invo lve  mod i fy ing  bo th  mode ls  to  ob ta in  
uncons t ra ined  vers ions  and then  an  unders tandab le  cons t ra ined  
vers ion  f rom wh ich  cons is ten t  p r ima l  and  dua l  so lu t ions  cou ld  be  
ob ta ined .  However ,  the  s ta te  mode l  i s  much more  access ib le  in  
tha t  bo th  dua l  and  p r ima l  so lu t ions  can  be  read i l y  ob ta ined  wh i le  
on ly  summary  tab les  ex is t  fo r  se lec ted  var iab les  o f  the  na t iona l  
p r ima l  and  dua l  so lu t ions .  A lso  the  s ta te  mode l  i s  more  eas i l y  
mod i f ied  and app l ied .  The exper iment  w i l l  cons is t  o f  us ing  
ava i lab le  cons t ra ined  and uncons t ra ined  na t iona l  mode l  so lu t ions  
wh i le  ob ta in ing  the  same and o ther  needed so lu t ions  fo r  the  s ta te  
mode l  w i th  appropr ia te  mod i f i ca t ions .  
Out l ine  o f  the  ana ly t i ca l  exerc ise  
The ana ly t i ca l  exerc ise  to  be  per fo rmed in  th is  s tudy  i s  
i l l us t ra ted  in  F igure  5 .  Pr io r  to  the  s tudy  cons t ra ined  
so lu t ions  were  ava i lab le  fo r  bo th  mode ls .  These a re  labe led  as  
Cons t ra ined  S ta te  <CS> and  Cons t ra ined  Nat iona l  <CN>.  A  near ly  
I l l  
n A 
Rcf i t»o(J 
Constra i nod 
Stato (RCS> 
Cons t ra  i  ned 
Nat i  ona1 
<CN)  
Cons t ra  i  ned 
S ta to  
<CS> 
Uncons t ra  i  ned 
S ta te  
<US> 
Uncons t ra  i  ned 
Nat  i  on ; i  I  
(UN) 
Nota t ion :  CS,  CN,  and  UN worn  ava i lab le  and US i s  deve loped,  
g^ ,  g^ ,  and  g^  fo l low f rom chapter  4 .  
h^  and  a re  unknown bu t  wou ld  be  use fu l .  
RCS i s  fo rmed and f ^ ,  f ^ ,  and f ^  deve loped fo r  
use  in  p inoo  o f  nnd  h^ .  
F igure  5 .  In te rmode I  cor respondences  fo r  app l ied  example  
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uncons t ra ined  na t iona l  so lu t ion  (UN)  ex is ted  and an  uncons t ra ined  
s ta te  mode l  so lu t ion  (US)  was  deve loped.  I f  mode l  reg iona l  and  
techno log ica l  spec i f i ca t ions  are-  e i ther  assumed s im i la r  o r  e lse  
homogeneous  such  tha t  aggregat ion  imposes  no  b iases  severa l  
th ings  cou ld  be  learned about  behav io ra l  cor respondences  f rom 
these  four  mode ls .  
The re la t ionsh ip  (g^ )  be tween CN and UN and be tween CS and 
US (g^ )  can  be  eas i l y  seen in  bo th  the  p r ima l  and  dua l  so lu t ions .  
The change in  the  p r ima l  so lu t ions  w i l l  be  exac t l y  equa l  to  the  
changes  in  the  b ind ing  cons t ra in t  leve ls .  The change in  the  dua l  
w i l l  be  equa l  to  per  un i t  p ro f i t  d i f fe rences  in  the  op t ima l  and  
fo rced  ac t i v i t i es .  Rent  d i f fe rences  are  due to  p ro f i t  
d i f fe rences  mu l t ip l ied  by  cons t ra in t  leve ls .  The p r i ce  and 
quant i t y  re la t ionsh ips  (g^ )  be tween UN and US can  a lso  be  
de te rmined based on  resu l ts  o f  Chapter  IV .  However ,  as  shown 
la te r  in  the  sec t ion ,  cor respondences  be tween the  cons t ra ined  
vers ions  (CS and  CN) ,  h^ ,  cannot  be  i so la ted  due to  compl ica ted  
mode l  s t ruc tu re  and ad  hoc  cons t ra in ing  methods .  The h^  
cor respondences  be tween CS and  UN a re  a lso  no t  c lear .  
G iven  the  mode l ing  capac i ty  cons t ra in ts  ( requ i rement  tha t  
l i near  methods  be  used)  and  the  ex is t ing  e f fec ts  o f  in  p lace  
agr icu l tu ra l  po l i c ies ,  ana lys is  o f  fu r ther  government  
in te rven t ions  need to  be  eva lua ted  w i th  cons t ra ined  vers ions  o f  
the  mode ls .  I so la t ion  o f  resource  marke t  and  we l fa re  impac ts  o f  
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the  po l i c ies  when CS and  CN a re  used requ i re  knowledge o f  h^  and  
h^ ,  wh ich  i s  no t  der ivab le  f rom the  cur ren t  cons t ra ined  vers ions .  
Based on  eva lua t ions  made i n  f ind ing  an  uncons t ra ined  s ta te  
mode l  (US)  and  the  cor respondences  g^  (be tween US and UN)  and  
(be tween CS and US)  a  re f ined  cons t ra ined  s ta te  (RCS)  mode l  i s  
deve loped.  RCS i s  s t ruc tu red  to  have  a  p r ima l  so lu t ion  a t  leas t  
as  cons is ten t  as  tha t  coming  f rom CS.  From RCS the  
cor respondences  f ^ ,  f ^ ,  and f ^  can be  more  c lose ly  approx imated  
than  in  the  counterpar ts  g^ ,  h^ ,  and  o f  the  o r ig ina l  mode ls .  
The  fo l low ing  sec t ions  o f  the  chapter  p resent  s t ruc tu ra l  
de ta i l  and  app l i ca t ion  imp l i ca t ions ,  f i r s t  fo r  the  s ta te  mode l  
and  then  fo r  the  na t iona l  mode l .  The  aggregat ion  pa ths  imp l i c i t  
i n  genera t ing  Iowa resu l ts  w i th  the  na t iona l  mode l  a re  a lso  
d iscussed.  The remainder  o f  the  chapter  p resents  resu l ts  o f  a l l  
the  mode ls  o f  F igure  5  except  the  re f ined  cons t ra ined  s ta te  
mode l .  I t  i s  shown how the  p r ima l  so lu t ions  fo r  the  cons t ra ined  
mode ls  a re  s im i la r ,  how the  uncons t ra ined  mode ls  d i f fe r ,  and tha t  
the  dua l  so lu t ions  a re  incons is ten t .  Va lues  o f  the  var iab les  
needed fo r  the  cor respondences  a re  p resented  and i t  i s  
i l l us t ra ted  b r ie f l y  why exac t  cons is ten t  l i nks  a re  d i f f i cu l t  to  
de te rmine .  A sec t ion  then  p resents  a  re f ined  cons t ra ined  s ta te  
mode l  and  con t ras ts  i t  to  the  p rev ious  cases .  F ina l l y ,  
conc lus ions  a re  p resented .  
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The Iowa Pro f i t  Max imiza t ion  Mode l  
The  Iowa mode l  ( IM)  used in  th is  s tudy  i s  par t  o f  the  S ta te  
Produc t ion  Mode l ing  Sys tem (SPMS)  deve loped a t  the  Center  fo r  
Agr icu l tu ra l  and  Rura l  Deve lopment  (CARD)  a t  Iowa S ta te  
Un ivers i t y  (Ho l tkamp,  1988) .  The SPMS was  i n i t i a l l y  deve loped as  
the  economic  component  o f  the  Comprehens ive  Economic  Pes t i c ide  
Po l i cy  Eva lua t ion  Sys tem (CEPPES)  (CEPPES,  1988) .  In  con junc t ion  
w i th  o ther  mode ls  o f  CEPPES the  IM has  been used to  eva lua te  the  
economic  and  env i ronmenta l  impac ts  o f  bann ing  corn  roo tworm 
insec t i c ides  in  the  Corn  Be l t .  Other  app l i ca t ions  o f  the  IM 
inc lude  es t imat ion  o f  the  impac ts  o f  expand ing  the  CRP under  
var ious  e l ig ib i l i t y  c r i te r ion ,  par t i cu la r l y  fo r  inc lus ion  o f  
waterway  bu f fe r  s t r ips .  
The base l ine  vers ion  o f  IM i s  va l ida ted  to  s imu la te  the  
h is to r i ca l  1986-87  cos ts ,  p roduc t ion  and economics  o f  agr icu l tu re  
in  Iowa.  The p r imary  techno logy  and cos t  da ta  bases  o f  the  IM 
are  bu i l t  up  f rom da ta  p repared  fo r  use  in  the  1985 RCA Appra isa l  
by  CARD,  the  So i l  Conserva t ion  Serv ice  and the  Economic  Research  
Serv ice .  Updat ing  the  1985 RCA da ta  to  re f lec t  1986-87  
cond i t ions  was accompl ished us ing  RUSE (Putman and Rosenber ry ,  
1988) .  The mode l  s t ruc tu re  and da ta  needed to  supp lement  those  
used fo r  the  1985 RCA so  tha t  a  p ro f i t  max imiza t ion  mode l  w i th  
commodi ty  p rogram po l i cy  parameters  cou ld  be  inc luded was 
fo rmu la ted  a t  CARD f rom var ious  sources  (Ho l tkamp,  1988) .  The 
115 
mode l  descr ip t ion  g iven  be low i s  more  f rom a  qua l i ta t i ve  v iew,  
i .e . ,  s t ruc tu re  and imp l i ca t ions ,  ra ther  than  on  va l id i t y  o f  
empi r i ca l  con ten t .  
The IM inc ludes  a l te rna t i ve  p roduc t ion  ac t i v i t i es  fo r  
bar ley ,  corn ,  legume and non- legume hay ,  oa ts ,  sorghum,  soybeans  
and wheat .  The  en t i re  s ta te  i s  mode led  as  i f  i t  were  one la rge  
fa rm w i th  n ine  separa te  f i e lds ,  each  compr ised  o f  an  ind iv idua l  
so i l  t ype .  Management  op t ions  inc lude  convent iona l  and  reduced 
t i l l age  and subs t i tu t ion  be tween chemica l ,  hand and cu l t i va ted  
con t ro l  o f  weeds .  A lso  inc luded i s  the  ab i l i t y  to  par t i c ipa te  in  
commodi ty  p rograms and a  pena l ty  fo r  los ing  base  acreage i f  no t  
par t i c ipa t ing .  The resource  base  to  be  used in  p roduc t ion  
inc ludes  mach inery  and  labor  in  add i t ion  to  the  land  and base  
acreages .  P ro f i t  max imiza t ion  i s  assumed fo r  the  c r i te r ion  
func t ion  and r i sk  imp l i ca t ions  a re  ignored .  
The IM s t ruc tu re  i s  ra ther  de ta i led  and complex  and  a  
leng thy  d iscuss ion  cannot  be  g iven  in  th is  paper .  An a t tempt  has  
been made to  summar ize  the  impor tan t  fea tu res  o f  IM in  a  
schemat ic  tab leau  representa t ion  (Tab le  1 )  w i thou t  ge t t ing  bogged 
down in  de ta i l .  L is ts  o f  ac t i v i t i es  and rows ind ica t ing  the  r i ch  
de ta i l  o f  the  mode l  a re  g iven  in  Tab le  2  and Tab le  3 .  F i rs t  the  
mode l  rows and then  the  ac t i v i t i es  are  d iscussed in  de ta i l  be low.  
Tab le  1 .  Tab leau  fo r  the  Iowa s ta te  mode l  
Mode l  Ac t i v i t i es  
comm.  
p rog .  CRP CRP 
RHS RHS #  o f  comm.  se t  se t  c rop  
Va lue  Type rows c rops  p rog ,  as ide  id le  id le  
#  o f  ac t i v i t i es :  594 406 1  1  89  
Row names 
Ob jec t i  ve  N 1  -c  c  -c  -c  c  
Land NRI  1982% L  10  a  0  0  0  1  
Mach inery  b° L 45 a  0  a  a  0  
Labor  b  L  9  a  0  a  a  0  
P lan tab le  base  b  L  45  0  1  0  0  0  
AI  1ow.  base  redu .  b  L  5  0  0  0  0  1  
H is to r i ca l  base  Ag.  S ta ts .G L  5  0  1  0  0  0  
Crop  acres  Ag.  S ta ts .  G 80  1  0  0  0  0  
T i l l  age type  CTIC°  N 4  1  0  0  0  0  
Bean Weed T rans .  0  G 1  1  0  0  0  0  
Fer t i1 i  zer  use  N 3  0  0  0  0  
Pes t i c ide  use  0  L  108 1  0  0  0  0  
Program par t ie .  0  G 45  1  -1 .2  0  0  0  
Prog ,  se t  as ide  0  L  1  0  0.2 -1  0  0  
Prog .  par t ,  ac res  0  G 5  0  1  0  0  0  
CRP se t  as ide  0  L  1  0  0  0  -1  I  
Crop t rans fe r  0  G 8  a  0  0  0  0  
A I loc .  c rop  mix  0  E  8  a  0  0  0  0  
CRP land  type  mix  0  E 10  0  0  0  0  a  
CRP enro1 Iment  0  G 2  0  0  0  0  1  
Crop  t i l l  age type  N 23  1  0  0  0  0  
Max.  land  id le  50% L  9  0  0 .2  0  0  1  
Tota l=428 
^NRI  1982 i s  the  1982 Natura l  Resources  Inven to ry .  
A "b "  ind ica tes  th is  va lue  de te rmined by  a  f i xed  demand 
p r io r  run .  
^Ag.  S ta ts ,  re fe rs  to  var ious  ag i  cu l tu ra l  s ta t i s t i cs .  
CTIC i s  the  Conserva t ion  T i l l age  In fo rmat ion  Center .  
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Mode l  Ac t i v i t i es  
CRP bean c rop  
1 and  weed t ype  buy  h  i  re  subs  se  1 
m i  X t ran  mix  chem .  1 abr  1 abr  c ro [  
1  1  2  90  3  5  8  
0  -c  0  -c  —c 0  c  
0  0  0  0  0  0  0  
0  a  0  0  0  0  0  
0  a  0  0  -1  a  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  -1  0  0  0  0  
0  0  0  0  0  0  0  
0  -1  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  0  -1  0  0  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  -1  
0  0  -a  0  0  0  0  
a  0  0  0  0  0  0  
1  0  0  0  0  0  0  
0  0  0  0  0  0  0  
0  0  0  0  0  0  0  
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Iowa model rows 
Resources  The resources  spec i f ied  in  IM inc lude  land ,  
mach inery ,  l abor ,  base  acreages  and p lan tab le  base  acreages .  
Each  o f  these  i s  d iscussed separa te ly  in  more  de ta i l .  
The c rop land  base  o f  Iowa i s  d iv ided  in to  n ine  group ings  o f  
USDA Land Use Capab i l i t y  C lasses  and subc lasses .  S ince  these  
groups  a re  near ly  equa l  to  those  o f  the  na t iona l  mode l  the  
de f in i t ions  are  shown in  Tab le  4  so  tha t  con t ras ts  can  be  seen.  
Th is  g roup ing  i s  a  mod i f i ca t ion  o f  tha t  used in  the  1985 RCA to  
be t te r  address  water  qua l i t y  i ssues .  The ind iv idua l  land  groups  
a re  each  mode led  as  a  " less - than"  row in  IM w i th  RHSs de te rmined 
f rom RUSE.  A  land  use  to ta l  row i s  non-cons t ra in ing  and s imp ly  
adds  up  the  land  use  across  g roups .  Produc t ion  ac t i v i t i es  in  IM 
are  land  group spec i f i c  bu t  some land  id l ing  or  se t  as ide  
ac t i v i t i es  requ i re  a  compos i te  o f  the  land  g roups ,  usua l l y  based 
on  h is to r i ca l  observa t ions .  
En te rp r i se  budgets  o f  the  F i rm Enterpr ise  Data  Sys tem 
(K le tke ,  1979)  fo rmat  compr ise  the  cos t  and  techno logy  da ta  fo r  
IM.  However ,  i nd iv idua l  mach ine  requ i rements  a re  c lassed in to  15  
g roups  and ava i lab i l i t y  i s  spec i f ied  by  season:  sp r ing ,  summer  
and  fa l l .  The RHSs o f  these  cons t ra in ts  do  no t  represent  ac tua l  
da ta .  A p re -base l ine  run  o f  the  mode l  was  made w i th  no  mach ine  
use limitations but with a requirement that the 1986-87 levels of 
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Tab le  2 .  Def in i t ion  o f  ac t i v i t i es  in  s ta te  mode l  
CA Hay  and  Smal l  Gra ins  A l loca t ion  1-2® 'CA '  
CR Conserva t ion  Reserve  Enro l lment  
CRPCT CRP land  group a l loca t ion  
BNPV Base acreage id le  pena l ty  
BW 
D 
Q 
R 
Bean Weed ing  
Dry land  c ropp ing  
Labor  h i re  
Program par t i c ipa t ion  
3 -5  (SMG o r  HAY)  
1 -2  'CR '  
3 -5  Crop  (BAR,  CRN,  OTS,  
SRG,  WHT)  
6  'C ' (cur ren t )  and  
'F ' ( fu tu re )  
7  Land group (1 -9 )  
1 -6  'CRPCT'  
1 -2  'BNPV 
3-5  Crop  (BAR,  CRN,  WHT)  
6  Land group (1 -9 )  
1 -2  'BW 
1  'D '  
2  Land group (1 -9 )  
3 -4  Rota t ion  Code (20  
ava l iab le )  
5  T i l l  age c1  ass  
A =  Fa l l  p iow,  
convent !ona l  
B  =  Spr ing  p low,  
convent  i  ona I  
C =  Conserva t ion  
t i l l  age 
D =  Zero  t i l l  age 
6  Scenar io  number  
1 ' Q '  
2-3  Season (SP,  SU,  FA)  
1  'R '  
2  Land group (1 -9 )  
3  Set  as ide  land  group 
(1 -9 )  
4 -6  Crop  (BAR,  CRN,  OTS,  
SRG,  WHT)  
^Numbers refer to column name space in LP MPSX format. 
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TABLE 2. Continued. 
SB Subs t i tu te  labor  1 -2  'SB '  
3 -4  Season (SP,  SU,  FA)  
5 -6  Labor  type  (H i red  o r  
Opera to r )  
S  Se t  as ide  (and  g reen cover ,  p rogram acres)  
1  'S '  
SCRP Se t  as ide  (g reen  cover  on  CRP ac res)  
1 -4  'SCRP'  
X  Buy  chemica ls  1  'X '  
2 -4  Crop  (CRN,  SOY)  '  
5  Pes t i c ide  
1  =  a  Iach lo r  
2  =  a t raz ine  
3  -  dua l  
4  =  sencor  
5  =  t re f lan  
6  =  te rbu fos  
6  Land group (1 -9 )  
Z  Crop  se l l  1  'Z '  
2 -4  Crop  (BAR,  CRN,  LHA,  
NLA,  OTS,  SRG,  
SOY,  WHT)  
ac tua l  commodi ty  p roduc t ion  occur .  The op t ima l  p re -base l ine  
mach inery  use  o r  requ i rements  were  then  inc reased by  f i ve  percen t  
to  become mach inery  resources  in  the  base l ine  mode l .  The 
methodo logy  c lear ly  l im i ts  the  range o f  Impac ts  ava i lab le  f rom 
po l i cy  es t imat ions  w i th  the  mode l ;  da ta  on  ac tua l  mach ine  
ava i lab i l i t y  were  no t  su f f i c ien t  fo r  mode l  deve lopment .  
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Tab le  3 .  Def in i t ion  o f  rows in  the  s ta te  mode l  
Resource_rows 
LDY Land ava i lab i l i t y  
M Mach inery  ava i lab i l i t y  
N Labor  cons t ra in t  
NPV P lan ted  base  acreages  
0  H is to r i ca l  c rop  bases  
1 -3^  'LDY '  
4 -5  Land group (1 -9 )  
1  'M '  
2 -3  Mach inery  code (1 -15)  
1  =  Pr imary  t i l l  age 
2  =  Secondary  t i l l age  
3  =  Fer t i l i ze r  and chemica ls  
4  =  Cu l t i va t ing  convent iona l  
5  =  Harves t ing  g ra in  
6  =  Hay ing  
7  =  Power  un  i  t s  
8  =  Other  
9  =  Convent iona l  p lan t ing  
(CRN,  SOY)  
10  =  Convent iona l  p lan t ing  
(smal I  g ra ins )  
11  =  Min imum t i l l  p lan t ing  
(CRN,  SOY)  
12  =  Min imum t i l l  p lan t ing  
(smal I  g ra ins )  
13  =  No t i l l  p i  an t ing  
(CRN,  SOY)  
14  =  No t i l l  p i  an t ing  
(smaI  I  g ra  i  ns)  
15  =  Seeders  ( fo r  se t  as ide  
I  and)  
3 -4  Season (SP,  SU,  FA)  
1  'N '  
2 -3  Season (SP,  SU,  FA)  
4 -5  Type (H i red ,  Opera to r ,  o r  
Subs t i  tu te )  
1 -3  'NPV'  
4 -6  Crop  (BAR,  CRN,  OTS,  SRG,  WHT)  
7  'T '  
8  Land g roup (1 -9 )  
1  ' 0 '  
2-4  Program c rop  (BAR,  CRN,  OTS,  
SRG,  WHT)  
^Numbers refer to column name space in LP MPSX format. 
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TABLE 3. Continued. 
Aççount ing_Rows 
L  Ind iv idua l  c rop  acreage 1  'L '  
2 -4  Crop  (one  row fo r  each  o f  
e igh t  c rops)  
5  Land group (1 -9 )  
1 -4  'YTOT'  
5  t i I  I  age A= Fa l I  p low,  
convent !ona l  
B= Spr ing  p low,  
oonvent i  ona l  
C= Conserva t ion  
t i l l  age 
D= No t i l l  
YTOT T i l l  age type  
I rans fe r_Rows 
BWT Bean weed ing  
F  Fer t i l i ze r  buy  and  use  
Program par t i c ipa t ion  
1-3  'BWT'  
1  'F '  
2 -3  Fer t .  (N I ,  PO,  and  PH> 
4 -5  'BY '  
1  'G '  
2  Land g roup (1 -9 )  
3 -5  Crop  (BAR,  CRN,  OTS,  SRG,  WHT)  
I  Program land  se t  as ide  1  ' I '  
ICRP CRP land  se t  as ide  (enro l lment )  
1 -4  ' ICRP'  
K  Crop  t rans fe r  
P  Pes t i c ide  use  
1  'K '  
2 -4  Crop  (one  row fo r  each  o f  
e igh t  c rops)  
1  'P '  
2 -4  Crop  (CRN,  SOY)  
5  Pes t i c ide  1  =  a lach lo r  
2  =  a t raz ine  
3  =  dua l  
4  =  sencor  
5  =  t re f lan  
8  =  te rbu fos  
6  Land g roup (1 -9 )  
Program par t i c ipa t ion  Acres  
1  'R '  
2 -4  Crop  (BAR,  CRN,  OTS,  SRG,  WHT)  
5 -7  'TOT '  
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TABLE 3. Continued. 
Misce l laneous  f i x i t y  cons t ra in ts  
ALLOC Hay  and  smal l  g ra ins  a l loca t ion  
1-5  'ALLOC 
6-8  Crop  (one  row fo r  each  o f  
e igh t  c rops)  
CRLDY CRP Land g roup a l loca t ion  
1 -5  'CRLDY'  
6 -7  Land group (1 -9 )  
CRPTOTC Cur ren t  CRP enro l lment  
1 -7  'CRPTOTC 
CRPTOTF Fu tu re  CRP enro l lment  
1 -7  'CRPTOTF'  
L  Crop  acreages  1  'L '  
2 -4  Crop  (one  row fo r  each  o f  
e igh t  c rops)  
5 -7  'TOT '  
Y A l lowab le  t i l l age  by  type  and c rop  
1  'Y '  
2  t i l l age  A= Fa l l  p low,  
convent iona l  
B= Spr ing  p low,  
convent !ona l  
C= Conserva t ion  
t i1 lage  
D= No t i l l  
3 -5  Crop  (one  row fo r  each  o f  
e igh t  c rops)  
W A l lowab le  to ta l  land  se tas ide  
1  ' W  
2 Land g roup (1 -9 )  
L§bor_resources  a re  spec i f ied  by  season (spr ing ,  summer  and  
fa l l )  and by  opera to r  and  h i red .  H i red  labor  i s  assumed 
ava i lab le  a t  a  f i xed  cos t  in  un l im i ted  quant i t ies  bu t  the  ab i l i t y  
to  subs t i tu te  h i red  labor  fo r  opera to r  labor  i s  l im i ted .  Leve ls  
o f  opera to r  labor  ava i lab le  were  deve loped f rom secondary  Iowa 
da ta  sources .  
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Tab le  4 .  Def in i t ion  o f  land  resources  in  Iowa mode l  (CEPPES,  
1988> 
Mode l  land  g roup USDA Land Capab i l i t y  C lass /subc lass^  
1  I  
e 
3  I l l e  
4  IVe  
5  l i e ,  I I I c ,  IV ,  
6  l i s .  I l l s ,  IV  
7  I Iw ,  I I Iw ,  IV ,  
8  Ve,  V ie ,  V I I , ,  V l l l e  
(A 
>
 Vis ,  <
 
01 V I I I ,  
9  Vc ,  V ic ,  V I I , ,  o 
>
 
Vw,  V Iw,  V I I „ ,  V I I Iw  
^Subscr ip ts  ind ica te  na tu re  o f  l im i ta t ion  to  normal  use :  e  
fo r  e ros ive ,  c  fo r  c l imate ,  s  fo r  sha l low/s tony ,  and  w fo r  wet .  
Commodi ty  p rogram base acreages  a re  spec i f ied  fo r  bar ley ,  
corn ,  oa ts ,  sorghum and wheat  us ing  ac tua l  da ta .  These a re  
reduced to  account  fo r  the  base  re t i rement  requ i rements  
assoc ia ted  w i th  CRP enro l lments ,  resu l t ing  in  the  E lan ted_base 
acreage resources .  The base  reduc t ion  requ i rement  i s  cond i t ioned 
on  p ropor t ions  o f  ind iv idua l  c rop  acreage as  base  acreage and fo r  
fu tu re  CRP s ignups  assumes tha t  pas t  t rends  con t inue .  When the  
mode l  was  f i r s t  encountered  in  th is  s tudy  the  p lan ted  base  
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acreage rows were  equa l i t i es ,  requ i r ing  tha t  e i ther  the  "a f te r  
CRP"  base  be  used in  program par t i c ipa t ion  o r  incur  a  pena l ty  
equa l  to  the  d iscounted  Net  Present  Va lue  (NPV)  o f  l os t  base  
earn ings .  Tha t  equa l i t y  requ i rement  had  an  adverse  e f fec t  on  the  
dua l  so lu t ion  where  very  la rge  pos i t i ve  shadow p r i ces  were  
o f fse t t ing  very  la rge  negat ive  shadow p r i ces  in  o ther  p laces .  
These cons t ra in ts  were  changed to  " less - than"  and the  dua l  
so lu t ion  became rea l i s t i c  w i th  hard ly  any  e f fec t  in  the  p r ima l  
so lu t ion .  
Aççount ing_rows Account ing  rows a re  those  w i th  
uncons t ra ined  RHSs wh ich  s imp ly  to ta l  up  leve ls  o f  p r ima l  
va r iab les .  The cons t i tu te  on ly  a  smal l  por t ion  o f  the  IM (84  o f  
428  rows) .  They  IM has  c rop  acreage rows fo r  e igh t  c rops  on  each  
o f  n ine  land  groups  and an  add i t iona l  to ta l  over  land  groups  row 
fo r  each  c rop ;  these  rows can  be  cons t ra ined  to  upper  o r  lower  
l im i ts  o r  l e f t  f ree .  Four  types  o f  t i l l age  are  t racked in  the  
mode l  so lu t ion .  A t  one  t ime RHS va lues  ex is ted  fo r  these  rows 
bu t  the  mach inery  ava i lab i l i t y  cons t ra in t  e f fec t i ve ly  sc reens  
t i l l age  type  to  rea l i s t i c  va lues .  These rows have  no  impac t  on  
e i ther  the  p r ima l  o r  the  dua l  so lu t ion .  
Trans fe r_ rows Trans fe r  rows a re  those  w i th  zero  r igh t  
hand s ides  wh ich  l i nk  so lu t ion  va lues  o f  d i f fe ren t  ac t i v i t i es .  
They  cons t i tu te  a  la rge  por t ion  o f  IM.  Inpu t  use  o r  cos t  
t rans fe r  rows l i nk ing  produc t ion  ac t i v i t i es  w i th  buy ing  o r  
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ren t ing  ac t i v i t i es  inc lude  bean weed ing  (BWT) ,  f e r t i l i ze r  
purchase  and use  (F ) ,  p rogram par t i c ipa t ion  by  c rop  and land  
group <G>,  land  id l ing  fo r  se t  as ide  cover  ( I  and ICRP) ,  c rop  
commodi ty  t rans fe r  (K>,  pes t i c ide  use  (P)  and  p rogram 
par t i c ipa t ion  <R) .  S ince  these  rows e i ther  a re  spec i f ied  as  
equa l i t i es  w i th  a  RHS o f  zero  o r  incur  a  so lu t ion  va lue  RHS o f  
zero  by  de fau l t  they  have  l i t t l e  impac t  on  the  dua l  so lu t ion  ren t  
eva lua t ion .  However ,  they  o f ten  d r i ve  the  p r ima l  so lu t ion  and 
may have  very  la rge  shadow p r i ces .  S ince  the  RHSs a re  zero  
we l fa re  imp l i ca t ions  a re  no t  fo r thcoming  hero .  
M isce l laneous  f i x i t y  cons t ra in ts  Misce l laneous  f i x i t y  
cons t ra in ts  genera l l y  en te r  in to  mode l  s t ruc tu re  as  a  means  o f  
fo rc ing  the  p r ima l  so lu t ion  (as  in  the  l i near  techno logy  case  o f  
the  reg iona l  mode ls  i n  the  p rev ious  chapter ) .  However ,  these  
cons t ra in ts  usua l l y  have  d ras t i c  impac ts  on  the  dua l  so lu t ion  
beyond the  smal l  p r ima l  cor rec t ions  they  fo rce .  The cons t ra in ts  
a lso  severe ly  l im i t  the  ab i l i t y  o f  the  mode l  to  respond to  
changes ,  and  so  l im i t  the  ab i l i t y  to  use  the  mode l  fo r  po l i cy  
ana lys is .  In  p rac t i ca l i t y ,  the  IM,  l i ke  o ther  mode ls ,  i s  on ly  a  
rough approx imat ion  o f  the  rea l  economy and requ i res  these  type  
o f  cons t ra in ts  to  overcome weaknesses .  
I t  was found tha t  the  IM wou ld  spec ia l i ze  en t i re ly  in  e i ther  
legume o r  non- legume hay  and en t i re ly  in  on ly  one smal l  g ra in ,  
depend ing  on  re la t i ve  p ro f i tab i l i t y .  Apparen t l y ,  there  a re  
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unmode led  fac to rs  lead ing  fa rmers  to  con t inue  to  produce a  
d ivers i t y  o f  these  c rops  desp i te  the  p ro f i t  d i f fe rences .  
There fo re ,  c rop  mix  a l loca t ion  ac t i v i t i es  were  spec i f ied  fo r  hay  
and fo r  smal l  g ra ins  (ALLOC) .  For  hay  ALLOC requ i res  tha t  the  
acreage o f  legume hay  re la t i ve  to  non- legume hay  w i l l  a lways  be  
the  same as  in  some base  per iod .  For  the  smal l  g ra ins  i t  means  
tha t  the  p ropor t ions  o f  to ta l  smal l  g ra ins  devo ted  to  each  
component  a re  cons tan t .  The resu l ts  o f  ear l ie r  chapters  o f  th is  
paper  ind ica te  tha t  such  a  requ i rement  imp l ies  the  ex is tence  o f  
to ta l  hay  and  smal l  g ra in  p roduc t ion  func t ions  wh ich  a re  
homothe t i c  i n  the i r  ind iv idua l  c rop  components .  Th is  seems to  
l im i t  the  f l ex ib i l i t y  o f  the  mode l  qu i te  severe ly ,  par t i cu la r l y  
when combined w i th  the  p re -base l ine  so lu t ion  method o f  der iv ing  
the  base l ine  and po l i cy  scenar io  mach inery  cons t ra in ts .  
The p ro f i t  max imiza t ion  na tu re  o f  the  IM combined w i th  the  
assumed pure ly  homogeneous  land  groups  wou ld  resu l t  in  on ly  the  
poores t  land  be ing  enro l led  in  the  CRP.  In  rea l i t y ,  por t ions  o f  
var ious  land  groups  have  been enro l led .  To  overcome th is  mode l  
weakness ,  cons t ra in ts  cause  tha t  the  por t ions  o f  to ta l  CRP by  
land  group fo r  bo th  cur ren t  and  fu tu re  s ignups  to  dup l i ca te  the  
h is to r i ca l  p ropor t ions  (ÇRPTOTÇ) .  I n  add i t ion ,  the  cur ren t  and  
fu tu re  CRP s ignup quant i t ies  a re  spec i f ied  as  equa l i t i es  (ÇRPTOTÇ 
and ÇRPÎQÎF) .  The  shadow p r i ces  on  these  cons t ra in ts  can  be  
added to  the  assumed CRP ren t  in  the  ac t i v i t y  ob jec t i ve  
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coef f i c ien t  to  see  the  imp l ied  ren t  needed to  vo lun ta r i l y  ach ieve  
the  requ i red  s ignup leve l .  
The IM in i t ia l l y  con ta ined  account ing  rows fo r  the  to ta l  
acreage o f  each  c rop .  S ince  the  summary  tab les  fo r  Iowa f rom the  
na t iona l  mode l  i nd ica ted  a  s l igh t l y  d i f fe ren t  acreage a l loca t ion  
(par t i cu la r l y  w i th  minor  acreage o f  smal l  g ra ins )  these  
account ing  rows were  changed to  min imum acreage cons t ra in ts  w i th  
RHS leve ls  as  near ly  as  poss ib le  equa l  to  the  na t iona l  mode l .  
The  IM has  the  capab i l i t y  o f  res t r i c t ing  t i l l age  type  
acreage fo r  each  c rop  (Y) .  Cur ren t l y  these  cons t ra in ts  a re  
tu rned  o f f  s ince  the  method o f  der iv ing  the  mach inery  cons t ra in ts  
takes  care  o f  the  prob lem o f  rea l i s t i c  t i l l age  type  adopt ion  
ra tes .  
F ina l l y ,  to  p revent  mode l  spec ia l i za t ion  beyond what  i s  
rea l i s t i c  in  land  id l ing  g iven  the  he te rogeneous  na tu re  o f  Iowa 
land  vs  the  homogeneous  land  o f  the  IM,  aX iowab ie_J .and_grouR_set  
as ide  max imums a re  spec i f ied .  These a re  se t  a t  50  percen t  o f  the  
resource  acreage in  th is  s tudy .  
Iowa mode l  ac t i v i t i es  
CroBBÎng  As  shown in  Tab les  2  and 3  d ry land  c ropp ing  
ac t i v i t i es  are  de f ined  fo r  severa l  ro ta t ions  and management  
p rac t i ce  combina t ions  fo r  each  land  g roup.  These ac t i v i t i es  
inc lude  var iab le  cos t  except  fo r  pes t i c ides  and some weed ing  
requ i rements  fo r  soybeans  and corn  and use  land ,  mach inery  and  
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l abor  resources .  The ac t i v i t i es  genera te  ind iv idua l  c rop  acres ,  
ac res  to  wh ich  p rogram par t i c ipa t ion  can be  app l ied  and commodi ty  
p roduc t ion .  The ac t i v i t i es  a lso  requ i re  weed ing ,  fe r t i l i ze r  and 
pes t i c ides  a l l  o f  wh ich  a re  supp l ied  by  o ther  ac t i v i t i es  v ia  
t rans fe r  rows (a l l  c rops  except  corn  and soybeans  have  a  f i xed  
leve l  o f  these  cos ts  in  the  ob jec t i ve  func t ion  coe f f i c ien t  and 
there  i  s  no  cho  i  ce>.  
Commodi ty  p rogram par t i c ipa t ion  Commodi ty  p rogram 
par t i c ipa t ion  ac t i v i t i es  requ i re  p lan ted  c rop  ac res ,  base  acreage 
and p lan tab le  base  acreage resources  and genera te  revenue and se t  
as ide  acres .  For  bar ley ,  corn ,  oa ts ,  sorghum and wheat  the  
de f i c iency  and d ivers ion  payments  a re  app l ied  to  base  y ie lds  to  
de te rmine  p ro f i t s .  For  soybeans  the  s ta te  w ide  par t i c ipa t ion  
ra te  i s  assumed to  app ly  equa l l y  to  a l l  ac res  and the  loan  ra te  
i s  fac to red  in to  the  commodi ty  p r i ce  in  the  se l l i ng  ac t i v i t i es .  
These ac t i v i t i es  are  land  group spec i f i c  in  two ways .  F i rs t ,  
they  a re  by  land  group on  wh ich  the  par t i c ipa t ing  c rop  i s  
produced.  Second ly ,  they  a re  by  land  group wh ich  i s  used to  meet  
the  se t  as ide  requ i rement .  Any  land  group can  be  used to  meet  
the  se t  as ide  requ i rement  fo r  p roduc t ion  and par t i c ipa t ion  o f  any  
o ther  land  g roup.  
Land_set_as ide  Separa te  ac t i v i t i es  are  spec i f ied  fo r  
se t t ing  as ide  land  fo r  program par t i c ipa t ion  and as  par t  o f  the  
CRP enro l lment .  The func t ion  o f  these  ac t i v i t i es  i s  to  es tab l i sh  
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and ma in ta in  the  requ i red  green cover  c rop  on  the  land .  The 
annua l i zed  cos t  o f  the  cover  es tab l i shment  and  the  annua l  
ma in tenance cos t  a re  inc luded in  the  ob jec t i ve  func t ion  
coe f f i c ien t .  These ac t i v i t i es  a lso  requ i re  mach inery  and  labor .  
CRP enro l lment  and  land  group a l loca t ion  Ind iv idua l  
ac t i v i t i es  fo r  bo th  cur ren t  and fu tu re  CRP enro l lment  a re  
spec i f ied  by  land  group in  the  IM.  A CRP land  g roup a l loca t ion  
ac t i v i t y  fo rces  the  land  groups  to  be  enro l led  in  the  same 
p ropor t ion  as  ac tua l  enro l lments  in  some base  per iod .  The CRP 
enro l lment  ac t i v i t i es  are  a lso  d i f fe ren t ia ted  by  c rop  and fo r  
each  acre  o f  enro l lment  a  p ropor t ion  o f  an  ac re  o f  the  c rop  base  
i s  used up  ;  the  p ropor t ion  i s  tha t  o f  base  acreage to  to ta l  
acreage o f  the  c rop .  
Çrop_t ïge_aJ_ ioça t j .on  The IM con ta ins  one ac t i v i t y  fo r  
hay  and  one ac t i v i t y  fo r  smal l  g ra ins  to  requ i re  components  o f  
these  c rop  types  to  be  produced in  cons tan t  p ropor t ions  to  each  
o ther .  These ac t i v i t i es  in te rac t  w i th  the  c rop  acreage and the  
ALLOC rows.  
QE0E_ i§ i i iD9  Crop  commodi ty  se l l i ng  ac t i v i t i es  are  in  
the  mode l  fo r  each  o f  the  e igh t  c rops .  The ob jec t i ve  func t ion  
coe f f i c ien ts  o f  these  ac t i v i t i es  are  the  marke t  p r i ces  o f  the  
c rops .  
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Misce l laneous ac t iv i t ies  Bean weeding ac t iv i t ies  are  
spec i f ied  in  the model  on  a  per  acre  bas is .  These represent  a  
hand weeding o f  the  soybeans.  The IM can be a l te red to  a l low 
subst i tu t ion  between pest ic ides ,  ex t ra  cu l t i va t ion  and hand 
weeding.  Buy_che[n_ i_ca i  ac t iv i t ies  are  in  the model  by  c rop,  land 
group and chemica l .  The ob jec t ive  func t ion  coef f ic ien t  i s  the  
per  acre  cos t .  Add i t iona l  labor  can be h i red and i s  subst i tu ted 
fo r  opera tor  labor  in  some app l ica t ions  up to  spec i f ied  l im i ts  by  
the  Subst i tu te  labor  ac t iv i t ies .  
The Nat iona l  Model  
The Agr icu l tu ra l  Resource In ter reg iona l  Model l ing  System 
(ARIMS)  was o r ig ina l ly  deve loped a t  the  Center  fo r  Agr icu l tu ra l  
and Rura l  Deve lopment  (CARD),  Iowa Sta te  Un ivers i ty ,  fo r  use in  
the Second Resource Conservat ion  Act  (RCA)  Appra isa l  (Eng l ish  e t  
a ! . ,  1988;  Rober tson e t  a l . ,  1987) .  ARIMS has subsequent ly  been 
modi f ied  and updated fo r  use in  ana lys is  o f  cur rent  po l icy  issues 
(AAEA,  1988) .  Examples  inc lude expand ing the  CRP under  
a l te rnat ive  land e l ig ib i l i t y  c r i te r ion ,  a l te rnat ive  leve ls  o f  
Conservat ion  Compl iance eros ion a l lowances and the  impact  o f  a  
f i ve  cent  tax  on n i t rogen fe r t i l i zer  use.  
ARIMS cons is ts  o f  a  la rge sca le  nat iona l  l inear  programming 
(LP)  model  and severa l  suppor t ing  data  se ts  and models .  Th is  se t  
o f  models  s imula tes  economic  ac t iv i ty  in  and between seven 
sec tors  o f  U.S.  agr icu l tu re :  c rop product ion ,  l i ves tock  
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production, pasture/range production, irrigation requirements and 
costs, land availability, final and intermediate commodity demand 
and transportation. 
ARIMS utilizes three different regional definitions. The 
first and primary set of regions consist of 105 producing areas 
(PA) (Figure 6). These areas are the basic regions of crop 
production. The land availability and irrigation seators are 
defined at this level. These areas are the sub aggregates of 
water basin areas used in watershed analysis during the 1970s. 
They were chosen for delineating crop production because of the 
irrigation sector data availability and the inability to convert 
that data to other regions. 
The second set of regions serve Jointly as the 31 market 
regions (MR) and 31 livestock producing areas (Figure 7). At 
this regional level commodity demands, nitrogen purchase, 
livestock feeding and production and transportation hubs are 
defined. Transportation routes between MRs for both crops and 
livestock are defined as truck, train, and barge where 
appropriate. Three of the market regions serve as commodity 
export links to the rest of the world. 
The final set of regions are the ecosystems. Pasture and 
range coefficients are defined at this level. The ecosystems 
cannot be mapped as clearly as can the PAs and MRs since they are 
based on natural vegetation characteristics rather than on 
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location (USDA, 1988). A given PA may contain acres from any or 
all 34 ecosystems. And, a given ecosystem may be represented in 
a 11 the PAs. 
In addition to the regions explicitly contained in the model 
structure, coefficient development involved data sets by county, 
state, USDA Farm Production Region and Major Land Resource Areas 
(MLRA) (USDA, 1981) regions. Data from these regions were 
adapted to the model regions based on 1982 Natural Resource 
Inventory (82 NRI> (USDA, 1984) crop acres. The calibration of 
the model using input data minimized the overstatement of 
productive ability and understatement of costs otherwise 
associated with area aggregations (Hazel I and Norton 1986). The 
solution summary tables for ARIMS, such as those for Iowa used in 
this study, also rely on weighted aggregation according to fixed 
regional shares. This can result in apparent inconsistencies in 
model summary lists of crops grown in the state and so forth. 
The equations comprising ARIMS have a coefficient matrix 
structure which is nearly block diagonal. At the national level, 
there are cotton demand constraints, national land total and 
various feed use correction constraints. Only transportation 
links exist between MRs and PAs. There are only a few 
constraints (other than demand) that link PAs within each MR. 
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Figure  7 .  The l i ves tock  produc ing and market  reg ions 
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The jus t i f i ca t ion  fo r  the nat iona l  leas t  cos t  min imizat ion  
c r i te r ion  is  based on the  in i t ia l  use o f  ARIMS to  examine 
a l te rnat ives  fo r  an assumed long run compet i t i ve  equ i l ib r ium 
(Rober tson e t  a l . ,  1987) .  In  a  long run compet i t i ve  equ i l ib r ium 
producers  each min imize long run average cos ts  <Si lberberg ,  1974)  
and on ly  the  most  e f f i c ien t  remain  in  product ion  (Layard  and 
Wal ters ,  1978) .  Const ra in ts  represent ing  f i xed demands are  
p laced in  the model  and the i r  shadow pr ices  in  the f ina l  so lu t ion  
become imputed commodi ty  p r ices ,  under  the  assumpt ion o f  marg ina l  
cos ts  equa ls  p r ice  in  the compet i t i ve  equ i l ib r ium.  However ,  
var ious  fac tors  not  modeled may in f luence product ion  dec is ions  
and ARIMS conta ins  product ion  sh i f t  const ra in ts  to  adapt  the  
model  to  bet ter  s imula te  rea l  wor ld  behav ior  as  in f luenced by 
these unspec i f ied  fac tors .  References on spec i fy ing  th is  type o f  
a r t i f i c ia l  s t ruc ture  are  ava i lab le  but  an ana lys is  such as  
per formed in  th is  s tudy has not  been done (Henderson,  1959;  
McCar l  and Ap land,  1986;  M i l le r ,  1972) .  
ÇroE-Brgdyçt ign  
Crop product ion  i s  by ac t iv i t ies  represent ing  a one- to-s ix  
year  ro ta t ion  sequence and a  combinat ion  o f  a  t i l lage method and 
conservat ion  prac t ice  on a  spec i f ied  land group (see Tab le  6 ) .  
The ac t iv i t ies  inc lude bar ley ,  corn  (gra in  and s i lage) ,  co t ton ,  
hay ( legume and non- legume) ,  oa ts ,  peanuts ,  sorghum (gra in  and 
s i lage) ,  soybeans,  summer fa l low,  sunf lowers  and wheat  and in  some 
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cases doub le  c rops (see Tab le  5>.  The water  and fe r t i l i zer  needs 
o f  o ther  exogenous c rops are  a lso  accounted fo r .  
T i l lage prac t ices  inc lude convent iona l  (w i th  res idue over  
w in ter  and w i thout ) ,  conservat ion  and zero  t i l lage.  Conservat ion  
prac t ices  which can rep lace s t ra ight  row are  contour ing ,  s t r ip  
cropp ing and te r rac ing.  One t i l lage prac t ice  can be combined 
w i th  one conservat ion  prac t ice  on land groups where appropr ia te  
(see Tab le  6 ) .  In  add i t ion ,  in  some PAs s t r ip  cropp ing is  
def ined fo r  wind ra ther  than water  e ros ion cont ro l .  No- t i l l  i s  
any p rac t ice  leav ing more than 85 percent  res idue cover  on the  
ground a t  the  t ime o f  p lan t ing .  Conservat ion  t i l l  leaves between 
30 and 85 percent  res idue cover .  Convent iona l  t i l lage is  
d i f fe rent ia ted as hav ing the  pr imary  opera t ion  in  the fa l l  or  
spr ing .  
L iyes toçk_eroduçt lgn  
L ives tock  product ion  inc ludes beef  (bo th  gra in  and roughage 
fed) ,  pork  and da i ry  (mi lk )  (see Tab le  6 ) .  These product ion  
ac t iv i t ies  are  spec i f ied  by  market  reg ion and w i th in  each MR are  
d i f fe rent ia ted by s ize .  A l te rnat ive  feed ing ac t iv i t ies  are  
def ined fo r  the d i f fe rent  feeds produced and purchased in  the 
model  fo r  each c lass  o f  l i ves tock .  L ives tock  product ion  resu l ts  
in  manure wh ich  enters  the  t rans fer  rows as  fe r t i l i zer  the same 
as  commerc ia l  purchases o f  fe r t i l i zers .  
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Table  5 .  Commodi t ies  produced in  the Nat iona l  model^  
ÇroB-Çgde Çommod_i . t ï_def  j . j3 j . t j .on  
1  Bar ley  
2  Corn gra in  
3  Corn s  i1  age 
4  Cot ton 
5  Legume hay 
6  Non- legume hay 
7  Oats  
8  Pasture  
9  Peanuts  
10 Sorghum gra in  
11 Sorhum s i1  age 
12 Soybeans 
13 Summer  fa l1ow 
14 Sunf1owers  
15 Spr ing  wheat  
16 Win ter  wheat  
17 Es tab l ish  legume hay 
18 Estab l ish  non- legume hay 
81 Winter  wheat -soybeans DC 
82 Non- legume hay-win ter  wheat  DC 
83 Sorghum-win ter  wheat  DC 
84 Corn-sunf lower  DC 
85 Corn-sorghum DC 
86 Sorghum-soybeans DC 
87 Corn-soybeans DC 
88 Wheat -peanuts  DC 
89 Sorghum-oats  DC 
90 Oats-soybeans DC 
91 Oats-peanuts  DC 
92 Bar ley-soybeans DC 
93 Bar ley-corn  s i lage DC 
94 Win ter  wheat -corn  s i lage DC 
95 Bar ley-sorghum DC 
96 Bar ley-corn  DC 
97 Oats-corn  s i lage DC 
Beefb  gra in  fed  
roughage fed  
Mi lk  
Pork  
^ In  the crop def in i t ion ,  a  DC ind ica tes  a  doub le  c rop 
sequence grown w i th in  one year .  
' 'Other  l i ves tock  un i ts  are  produced but  they  serve as  
in termedia te  inputs  fo r  these f ina l  goods.  
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Table  6 .  Def in i t ion  o f  land resources and a l lowable  
conservat ion  prac t ices  in  the Nat iona l  model^  
Land USDA Land Capab i l i t y  S t ra ight  Contour  S t r ip  Te i— 
Group ' '  C lass /Subc lass^  Row Cropp ing rac ing 
1  I ,  I lwa,  I l lwa X 
2  He X X X X 
3  He X X X X 
4  IVe X X X 
5  He,  I I Ic ,  IVc X X 
8  l i s .  H is ,  IVs X xd  X 
7  I Iw,  I I Iw,  IVw X 
8  V,  V I ,  V I I ,  V I I I  X X X X 
®Each "X"  incorpora tes  fa l l  and spr ing  convent iona l ,  
conservat ion  and zero  t i l lage prac t ices  in  combinat ion  w i th  the  
conservat ion  prac t ice .  
No t i l l  =  more than 85 percent  res idue cover  a f te r  p lant ing .  
Conservat ion  b i l l  =  between 30 and 85 percent  res idue a f te r  
p I  an t ing .  
Convent iona l  t i l l  =  less  than 30 percent  res idue cover  a f te r  
p lant ing  (w i thout  w in ter  cover  =  pr imary  
t i l l  age i  n  spr ing) .  
' 'These are  the  land group ings def ined fo r  the  1985 Resource 
Conservat ion  Act  Appra isa l .  
"^The subc lass  subscr ip ts  are  the  same as  in  Tab le  4  except  
tha t  wa ind ica tes  tha t  the  wetness prob lem has been adequate ly  
t rea ted.  
^Th is  prac t ice  i s  not  a l lowed on sand.  
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In termedia te  l i ves tock  ac t iv i t ies  ex is t  fo r  produc ing 
o f fspr ing ,  e tc . ,  wh ich  can be used between the  d i f fe rent  types o f  
p roducers ,  i .e . ,  fa r row to  f in ish  or  feeder  p igs  on ly  producers .  
The sec tor  must  a lso  account  fo r  the  nut r i t iona l  needs o f  a l l  
exogenous ( to  the  model )  l i ves tock  product ion  in  the U.S.  
Land and water resources 
The land base i s  determined f rom the 1982 Natura l  Resources 
Inventory  (82NRI)  compi led  by  the  So i l  Conservat ion  Serv ice  
(USDA,  1984) .  A l l  land which was found to  be cur rent ly ,  or  tha t  
had a  recent  h is tory  o f  c ropp ing,  was counted as  c rop land.  Non-
crop land was charac ter ized w i th  regard  to  potent ia l  fo r  
convers ion to  crops and ac t iv i t ies  fo r  conver t ing  h igh and medium 
potent ia l  land were def ined.  
Land requ i rements  fo r  urban and o ther  exogenous c rops have 
been taken out  o f  the  land base g iven pro jec t ions  f rom o ther  
models .  The water  requ i rements  o f  exogenous c rops and fo r  a l l  
exogenous l i ves tock  (a l l  U.S.  except  those spec i f i ca l ly  l i s ted  as 
be ing inc luded in  the model )  a re  a lso  removed f rom the resource 
base.  
CAP enro l lments ,  bo th  cur rent  and fu ture  are  determined 
exogenous I  y  p r io r  to  model  app l ica t ion  and then the acreages 
subt rac ted f rom the model  land resources.  These exogenous 
determinat ions  are  by  PA and land group so ARIMS i s  on ly  f ree  to  
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choose whether  to  enro l l  d ry ,  sur face or  ground i r r iga ted land to  
meet  the  CRP enro l lment  const ra in t  fo r  each PA and land group.  
Land const ra in ts  are  spec i f ied  as  equa l i t ies ,  fo rc ing a l l  
the  crop land to  e i ther  be c ropped,  enro l led  in  CRP or  id led  w i th  
a  green cover  c rop.  As shown ear l ie r  in  th is  chapter  th is  
requ i rement  rea l ly  d is tor ts  the dua l  so lu t ion  and the  assoc ia ted 
we l fa re  impl ica t ions .  
Misçe l ianeous_f lx i ty_çonst ra in ts  
ARIMS conta ins  var ious  f i x i ty  const ra in ts  wh ich l im i t  
ad jus tment  in  the agr icu l tu ra l  sec tor .  These const ra in ts  are  
based on the  observat ion  tha t  i f  unconst ra ined the  model  tends to  
ad jus t  more qu ick ly  to  even smal l  parameter  changes than do 
ac tua l  p roducers .  Such const ra in ts  are  common in  programming 
models  s ince they are  on ly  s impl i f ied  representa t ions  o f  the  
complex  rea l  wor ld .  Examples  in  the l i te ra ture  inc lude 
(Henderson,  1959;  McCar l  and Ap land,  1986;  Nugent ,  1970;  and Sah i  
and Craddock,  1974) .  
Const ra in ts  ex is t  in  ARIMS wh ich requ i re  a  predetermined 
amount  o f  i r r iga ted land by  water  source type a t  the  produc ing 
area leve l  and in  to ta l  a t  the  nat iona l  leve l .  Wi thout  these 
ARIMS does not  recogn ize  tha t  the  f i xed cost  incur red in  
es tab l ish ing the or ig ina l  i r r iga ted acreage base l i ke ly  keeps 
product ion  occur r ing  to  serv ice  outs tand ing debt ,  e tc .  These 
const ra in ts  impact  bo th  the pr imal  and dua l  so lu t ions  o f  the  
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model ;  the  d is tor t ions  are  par t icu lar ly  la rge in  the dua l  
so lu t ion  shadow pr ices .  
Adopt ion  (or  abandonment )  o f  conservat ion  prac t ices  invo lves  
the  same sor t  o f  cos t /debt  re t i r ing  compl ica t ions  as  the  
i r r iga t ion  investment .  Ter rac ing and contour ing  a lso  produce 
water  movement  channe l l ing  benef i ts  not  recogn ized a t  a l l  by  
ARIMS.  There fore  ARIMS i s  a lso  a r t i f i c ia l l y  const ra ined w i th  
regard  to  these var iab les .  
ARIMS requ i res  tha t  te r raced acres  by  produc ing area be 
main ta ined a t  the i r  1982 leve ls .  Adopt ion  o f  conservat ion  and 
zero  t i l lage is  l im i ted  to  a  percentage change f rom the past  
acreages (genera l ly  se t  a t  120 percent  o f  the  1986-87 leve ls ) .  
The f i xed costs  o f  te r rac ing are  not  in  the  model ;  however ,  the  
shadow pr ices  assoc ia ted w i th  the min imum acreage const ra in ts  are  
more than the var iab le  product ion  cos t  d i f fe rences between 
product ion  ac t iv i t ies  u t i l i z ing  ter rac ing and the  ava i lab le  
a l te rnat ive  methods.  
The la rgest  se t  o f  const ra in ts  in  ARIMS and the  ones wh ich  
th is  s tudy i s  most  o r ien ted towards are  those requ i r ing  80 
percent  o f  1986-87 ind iv idua l  c rop acreages by  market  reg ion.  
These are  comple te ly  ad hoc a l though the authors  c i ted  above in  
th is  sect ion  g ive  var ious  jus t i f i ca t ions  and econometr ic  methods 
fo r  es t imat ing  the percentage change f lex ib i l i t y  parameters .  
S ince the  unconst ra ined model  represents  a  long run compet i t i ve  
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equi l ib r ium these const ra in ts  can be in terpre ted as represent ing  
cur rent  d is tor t ions  f rom that  equ i l ib r ium.  In  th is  
in terpre ta t ion  the shadow pr ices  on these const ra in ts  d iv ided by 
y ie ld  can be cor re la ted w i th  the commodi ty  subs id ies  in  a  re la ted 
pro f i t  max imizat ion  model .  Th is  compar ison i s  on ly  s t r ic t ly  
va l id  when the  market  p r ices  o f  the  p ro f i t  max imizat ion  model  a re  
the  equ i l ib r ium marg ina l  cos ts  in  the nat iona l  model  as  shown in  
the theore t ica l  models  o f  Chapter  IV .  Wi th  the  complex  s t ruc ture  
and d i f fe r ing  base l ines  o f  the  models  eva luated here  such s imple  
cor re la t ions  are  not  der ivab le .  
Base i ine_assun]Bt ions  
Product ion  costs  are  representa t ive  o f  1980,  wh i le  y ie lds ,  
acreage const ra in ts  and overa l l  demand es t imates  have been 
updated to  pred ic ted 1990 leve ls ,  A h igh ly  s impl i f ied  tab leau 
representa t ion  o f  a  por t ion  o f  the  model  showing a  typ ica l  PA and 
MR ac t iv i t ies  and row in terac t ions  is  g iven in  Tab le  7 .  The 
model  i s  su f f i c ien t ly  complex  tha t  in  o ther  sources c i ted  above 
severa l  pages are  devoted to  example  tab leaus.  
Table  7 .  S impl i f ied  nat iona l  model  tab leau representa t ion  
Model  ac t iv i t ies  
a t  the  PA I  eve I  
c ropp ing ac t iv i ty  id le  w/green cover  
RHS RHS 
Ac t iv i t ies  source type dry  sur f ,  ground dry  sur f ,  ground 
Objec t i  ve  N c  c  c  c  c  c  
Land:  d ry  NRI823 L  1  0  0  1  0 0  
sur f .  NRI82 L  0  1  0  0  1  0  
ground NRI82 L  0  0  1  0  0  1  
Water :  sur f .  Spec.b  L  0  1  0  0  0  0  
ground Spec.  L  0  0  1  0  0  0  
Crop demand FAPRI*  G a  a  a  0  0  0  
Fer t .  t rans f .  0  L  a  a  a  0  0  0  
Eros  i  on N a  a  a  a  a  a  
T i l l  age max.  CTIcd L  1  1  1  0  0  0  
Ter race min .  NRI82 G 1  1  1  0  0  0  
Crop min .  G a  a  a  0  0  0  
I r r iga t .  min .  Spec.  G 0  1  1  0  0  0  
Meat  demand FAPRI  G 0  0  0  0  0  0  
Grass t rans f .  0  G 0  0  0  0  0  0  
Pasture  max.  Spec.  L  0  0  0  0  0  0  
Ecosyst .  res .  NRI82 L  0  0  0  0  0  0  
^NRI82 i s  the  1982 Natura l  Resources Inventory .  
^Spec.  ind ica tes  tha t  severa l  spec ia l ized data  se ts  were used.  
GpAPRI  i s  the  nat iona l  demand leve ls  which are  appor t ioned to  
reg ions us ing the NIRAP f i xed weights .  
' 'CTIC i s  the Conservat ion  T i l lage In format ion  Conter .  
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at  the MR leve l  na t iona l  t ranspor ta t ion  Eco-
sys t ,  
land l i ves tock  feed ing crops l i ves tock  grass  
fe r t .  
conv.  g ra in  rough,  grass  buy MRi - j  MRj - i  MRi - j  MRj - i  p rod.  
c  c  c  c  c  c  c  c  c  c  
-1  0  0  0  0  0  0  0  0  0  
0 .5  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  -a  -a  0  0  -a  a  0  0  0  
0  -a  -a  -a  -a  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  
0  a  a  a  0  0  0  -a  a 0  
0  0  0  -a  0  0  0  0  0  a 
0  0  0  0  0  0  0  0  0  1  
0  0  0  0  0  0  0  0  0  1  
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Resul t  Compar isons f rom Or ig ina l  Models  
ln i 'Grgode i_cons is tenc%_in_the_Br imal_so lu t ions  
In  the const ra ined (base l ine)  vers ions both  the  nat iona l  and 
the  Iowa s ta te  models  were  const ra ined to  s imula te  the  acreage 
and commodi ty  p roduct ion  outcomes h is tor ica l ly  seen in  1985-86.  
Tab le  8  compares the  resource def in i t ions  and ava i lab i l i t y  by  
model  ( resource def in i t ions  and model  s t ruc ture  are  exp la ined 
more c lear ly  in  la ter  chapters) .  The on ly  resource spec i f ied  in  
the nat iona l  model  (ARIMS)  i s  land,  though land i s  d iv ided in to  
dry  and i r r iga ted by water  source wh ich i s  not  done in  the s ta te  
model .  The s ta te  model  conta ins  resource const ra in ts  fo r  15 
c lasses o f  mach ines and opera tor  labor  by  th ree seasons and 
•commodi ty  p rogram base acreages in  add i t ion  to  land.  The 
mach inery  const ra in ts  are  ac tua l ly  105 percent  o f  the  mach inery  
requ i red to  produce the  1985-86 commodi ty  leve ls  in  a  p ro-
base l ine  spec i f i ca t ion  o f  the  model  where  the  mach inery  
const ra in ts  were comple te ly  re laxed.  
Commodi ty  p roduct ion  to ta ls  f rom the pr imal  so lu t ions  are  
compared in  Tab le  9 ,  both  fo r  the or ig ina l  const ra ined 
(h is tor ica l  leve l )  models  and vers ions w i thout  c rop acreage 
const ra in ts .  In  the const ra ined case the c rop acreages across  
models  are  fa i r l y  cons is tent  though i t  shou ld  be noted tha t  
legumes,  hay ,  oa ts ,  sorghum and wheat  a re  near  the i r  upper  
feas ib le  l im i ts  in  the s ta te  model  (bu t  s t i l l  be low the ARIMS) .  
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Table  8 .  Resource de f in i t ion  and ava i lab i l i t y  by  model  
Iowa Sta te  Model  
Fa l  1 
ARIMS Tota l  Spr ing  Summei  
Land (1000s acres) :  1  6135 2898 
2  6197 5887 
3  6287 6826 
4  1456 1980 
5  2  0  
8  876 783 
7  4988 7650 
8  687 786 
9  0  69 
Tota  1 16627 26881 
Mach ines (1000s hours) :  
l=pr imary  t i l l  age 0  0  4908 
2=secondary  t i l lage 6101 0  101 
3=fer t .  and chemica ls  6869 1338 749 
4=cu1t iva t ing ,  convent .  0  11537 0  
5=harvest i  ng  0  740 4820 
6=hay i  ng 2549 5063 2055 
7=powers  19633 18055 10886 
8=other  f ree  f  ree f  ree 
9=convent .  p1ant (c rn ,soy)  1963 0  0  
10=convent .  p lan t (sml  grn)  75 0  20 
l l=min .  t i l  p  1 an t  (cm ,soy)  1848 0  0  
12=min.  t i l  p lant (sml  grn)  0  0  578 
13=no t i l l  p1 ant (c rn ,soy)  104 0  0  
14=no t i l l  p lant (sml  grn)  2  0  0  
15=seeders  (se t  as ide p in t )  0  0  0  
Operator  labor  (1000s hours)  25037 42875 28749 
Base acreages (1000s acres)  
Bar  1ey 0 .2  
Corn 13632.0  
Oats  28.0  
Sorghum 12.0  
Wheat  55 .0  
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With  the  ind iv idua l  c rop acreage const ra in ts  de le ted the 
f ree  Iowa model  behaves as  pred ic ted fo r  l inear  techno logy in  
Chapter  IV ,  i .e . ,  spec ia l iza t ion  in  the crops y ie ld ing the 
h ighest  p ro f i t  marg in  (p ro f i t  marg ins  are  shown in  next  sec t ion) .  
Note  tha t  not  on ly  i s  corn  acreage up but  y ie lds  a lso  increase,  
ind ica t ing  a  sh i f t  o f  be t te r  land to  corn  product ion .  Soybean 
acreage and product ion  increase more than they d id  fo r  corn  but  
y ie lds  decrease.  
The unconst ra ined nat iona l  model  a lso  has s ign i f i cant  
changes bu t  does not  spec ia l ize  to  the ex tent  o f  s ta te  model .  
On ly  the  ind iv idua l  c rop acreage and max imum conservat ion  and 
zero  t i l lage const ra in ts  were removed;  const ra in ts  on to ta l  land 
use,  min imum i r r iga t ion  and te r rac ing remained b ind ing.  Soybean 
acreage and product ion  increased wh i le  corn  decreased as  d id  a l l  
o ther  c rops.  
The re la t ive ly  s tab le  so lu t ion  fo r  Iowa ind ica tes  a 
main tenance o f  a  compet i t i ve  comparat ive  advantage fo r  the s ta te  
over  o ther  s ta tes  desp i te  nat iona l  d is tor t ions  due to  subs id ies .  
The b ias  towards corn  product ion  due to  cur rent  (and recent  
h is tor ica l )  corn  subs id ies  and acreage base requ i rements  can a lso  
be seen.  In  a  subs idy  d is tor t ion  f ree scenar io  o ther  c rops,  
par t icu lar ly  soybeans,  wou ld  ga in  in  acreage a t  the  expense o f  
corn .  
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Table  9 .  Pr imal  so lu t ion  charac ter is t ics—commodi ty  product ion  
Bar ley  Corn L-hay NLhay Oats  Srgum Soybn Wheat  
Acres  <1000s> 
S ta te  Con.^  4  9819 1200 643 1000 670 8170 108 
Sta te  Free ' '  0  10125 0  0  0  0  11490 0  
Nat .  Con.G 71 9374 1199 77 1265 1334 7433 399 
Nat .  Free^  66 7527 1136 0  820 1932 9314 0  
Output (mi11 ions)  
S ta te  Con.  0 .3  1330.0  4 .4  1 .1  52.5  60.6  266.2  4 .2  
Sta te  Free 0 .0  1432.3  0 .0  0 .0  0 .0  0 .0  364,2  0 .0  
Nat .  Con.  3 .9  1137.4  4 .7  0 .1  66.2  112.5  354.2  17.2  
Nat .  Free.  3 .6  891.0  4 .8  0 .0  40.1  164.6  442.2  0 .0  
Y ie lds  
Sta te  Con.  65 .1  135.1  3 .7  1 .8  52.8  90.4  32.6  39.2  
Sta te  Free 0 .0  141.5  0 .0  0 .0  0 .0  0 .0  31.7  0 .0  
Nat .  Con.  54 .6  121.3  3 .9  1 .7  52.4  84.3  47.4  44.9  
Nat .  Free 54.9  118.2  4 .2  0 .0  49.0  85.2  47.5  0 .0  
^Sta te  Con.  re fers  to  Iowa s ta te  model  const ra ined to  
h  i s to r ica I .  
' 'S ta te  Free i s  the Iowa s ta te  model  w i th  no acreage 
const ra i  n ts .  
°Nat .  Con.  i s  Iowa outcome f rom h is tor ica l ly  f i xed nat iona l  
mode I .  
^Nat .  Free i s  Iowa outcome f rom acres  unres t r ic ted nat iona l  
mode I .  
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Table  10.  Dua l  so lu t ion  ( rent )  ana lys is  o f  s ta te  model  
Const ra ined Base Unconst ra ined 
# 's  o f  $106 #  '  s  o f  $10G 
un 1 t s  to ta  1 un  i  ts  to ta  1 
I tem un i t  (1000s)  $ /un i t  ren t  share  $ /un i  t  rent  share  
Land:  1  acre  2898 139 430 2998 115 333 
2  acre  5887 136 801 5887 114 671 
3  acre  6826 135 922 6826 109 744 
4  acre  1980 127 251 1980 99 196 
5  acre  0  167 0  0  122 0  
6  acre  785 100 79 785 7  5  
7  acre  7650 128 979 7650 101 773 
8  acre  786 122 96 786 49 39 
9  acre  69 122 9  69 49 3  
Tota l  26881 3539 0 .95 26881 2764 0 .69 
Mach i  ne:  
2-F hour  101 103 10 101 0  0  
10-S hour  1963 7  14 1963 53 104 
13-S hour  2  80 0  1847 46 85 
Tota l  24 0 .01 189 0 .05 
Labor :  Fa l  1 hour  29000 4  116 29000 4  116 
Spr i  ng hour  25000 4  100 25000 4  100 
Summer  hour  21000 4  84 17000 0  0  
Tota l  300 0 .08 216 0 .06 
Base:  Bar  1ey acre  0  26 0  0  67 0  
Corn acre  13633 31 423 13633 67 913 
Oats  acre  28 4  0  28 67 2  
Wheat  acre  55 22 1 55 67 4  
Sorghum acre  12 21 0  12 67 1  
Tota l  425 0 .11 920 0 .23 
P lantab le  Base(a f te r  CRP by  so i l ) :  
Corn 1  acre  1407 34 48 1407 29 41 
Corn 2  acre  2932 9  26 0  0  0  
Corn 3  acre  2840 1  3  0  0  0  
Corn 7  acre  10 89 1  0  0  0  
Tota  1 78  0 .02 41 0 .01 
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Table  10.  Cont inued.  
Const ra ined Base Unconst ra ined 
I tem un i  t  
# 's  o f  
un i  ts  
(1000s)  $ /un i  t  
$106 
to ta  1 
ren t  share  
# 's  o f  
un i  ts  
$ /un i  t  
$106 
to ta l  
ren t  share  
AI  1owab1e base reduct ions :  
Bar  1ey acre  0  4  0  0  0  0  
Corn acre  1849 0  0  0  0  0  
Wheat  acre  41 9  0  0  0  0  
Oats  acre  21 27 1  0  0  0  
Tota l  1  0 .00 0  0 .00 
AI  1owab1e 1 and re t  i  rement :  
4  acre  990 0  0  990 2  2  
6  acre  392 28 11 392 93 36 
8  acre  393 5  2  393 55 22 
9  acre  35 5  0  35 51 2  
Tota l  13 0 .00 62 0 .02 
CRP Cur . ($69)  acre  80 -74 -6  80 -48 -4  
Fut . ($100)  acre  3218 -62 -199 3218 -57 -183 
Tota l  -205 -0 .05 -187 -0 .05 
Crop min .  Hay acre  1200 -171 -205 0  0  0  
Oats  acre  1000 -118 -118 0  0  0  
Sorg  acre  670 -206 -138 0  0  0  
Tota l  -461 -0 .12 0  0 .00 
Net  Grand Tota l  1 3713 1 .00 4005 1 .00 
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In termodel  dua l  so lu t ion  incons is tency and lack  o f  cor respondence 
Re levant  dua l  var iab les  fo r  a l l  but  the  re f ined model  o f  
F igure  5  were compi led  and compared.  The Iowa s ta te  model  
represents  the  ent i re  s ta te  as  one la rge farm and dua l  var iab les  
can be read f rom the so lu t ions .  In  the nat iona l  model ,  
p roduct ion  in  Iowa is  covered by  por t ions  o f  severa l  p roduc ing 
areas and over ly ing  market  reg ions.  For  the  nat iona l  model  dua l  
var iab les  fo r  the s ta te  o f  Iowa were no t  read i ly  obta inab le  s ince 
the complex  we ight ing  schemes invo lved in  es t imat ing  producer  
surp lus  cannot  be manual ly  ob ta ined.  There fore ,  compar isons in  
th is  sec t ion  are  more between const ra ined and f ree  vers ions o f  
the  same model  than between models .  
The dua l  so lu t ion  summary  fo r  the s ta te  model  i s  g iven in  
Tab le  10 fo r  both  the  const ra ined and f ree  so lu t ions ;  both  rent  
to ta ls  and marg ina l  resource va lues are  repor ted.  The 
const ra ined vers ion invo lves  max imum a l lowable  base reduct ions  
fo r  CRP or  o ther  convers ions and min imum acreage requ i rements  fo r  
some c rops.  These a r t i f i c ia l  const ra in ts  reduce the  rent  
a t t r ibu tab le  to  the base acreages by  one-ha lve  wh i le  increas ing 
the impl ied  land rent  by  near ly  50 percent  as  compared to  the 
f ree  so lu t ion .  In  the f ree  case the  marg ina l  va lue o f  base acros  
fo r  a l l  c rops i s  the same,  ind ica t ing  tha t  a t  the  marg in  the  
idea l  use o f  any base acreage i s  convers ion to  CRP a t  an annua l  
ren t  o f  $67.  Ava i lab i l i t y  o f  land group f i ve  would  enab le  
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subst i tu t ion  fo r  more product ive  land groups in  meet ing  the  CRP 
requ i rement  and tha t  g ives  th is  land a  h igh marg ina l  va lue 
desp i te  i t s  lower  qua l i ty  (product iv i ty  fo r  c ropp ing) .  
I t  must  be noted tha t  the  dua l  so lu t ion  is  ex t remely  
sens i t i ve  to  const ra in t  va lues and tha t  the  rent  genera ted must  
no t  be confused w i th  any impl ica t ions  about  suppor tab le  leve ls  o f  
f i xed costs  on the  par t  o f  the  producers .  Only  i f  a  const ra in t  
i s  ac tua l ly  b ind ing w i l l  a  pos i t i ve  marg ina l  va lue and rent  
ex is t .  For  example ,  an increase o f  one un i t  o f  a  resource (say  
f rom 1,000,000 to  1 ,000,001)  might  lead to  i t  be ing non-b ind ing 
and rent  dropp ing f rom $100 mi l l ion  to  zero .  A t  the  same t ime 
another  const ra in t  wou ld  exper ience a  s imi la r  d ras t ic  increase in  
rent .  The marg ina l  va lues are  usefu l  fo r  ind ica t ing  what  shou ld  
be pa id  fo r  one add i t iona l  un i t  o f  the  resource.  
The dua l  so lu t ion  summary  fo r  Iowa f rom the nat iona l  model  
i s  g iven in  Tab le  11 and requ i res  care fu l  exp lanat ion .  The land 
resource rows in  the nat iona l  model  a re  equa l i t ies ,  requ i r ing  
tha t  a l l  land must  e i ther  be c ropped,  id led  w i th  a  green cover  o r  
enro l led  in  the CRP.  S ince id l ing  the land incurs  cover  c rop 
es tab l ishment  and main tenance cos t  add i t iona l  land ac tua l ly  harms 
the  producers .  Th is  resu l ts  in  the negat ive  land rents  shown in  
Tab le  11 ( the  best  land s t i l l  gets  a  pos i t i ve  rent ) .  
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Table 11. Dual solution analysis of national model (Iowa area) 
Base constrained Unconstrained 
Total $/un i ta  Total $/un i t' 
Land availability at regional leve |b: 
dryland for cropping -129809 -6.1 -•144651 -5.5 
land for irrigation -576 -4.8 -485 -2.1 
land for grazing 0 0.0 0 0.0 
Sub total -130386 —6.1 -•145136 -5.5 
Land use constraints at regional 1 evel 
minimum crop acreages -625274 -29.9 0 0.0 
minimum irrigation -713 -8.1 -1022 -11.4 
minimum terraces -21171 -10.5 -19788 -9.8 
minimum grazing 0 0.0 0 0.0 
minimum CRP enrollment 0 0.0 0 0.0 
Sub total -647159 -27.6 -20811 —9'. 9 
Maximum tillage practices (acres): 
conservation 187370 16.4 0 0.0 
zero 18810 19.3 0 0.0 
Sub total 206180 16.6 0 0.0 
National land use restrictions^: 
minimum irrigation 0 0.0 0 0.0 
maximum private pasture 0 0.0 0 0.0 
Sub total 
^Marginal values calculated by dividing ARIMS summary table for 
surplus by acreage values in summary tables 3 and 9. 
^All land resource rows are equalities, requiring that all land 
either be cropped, in CRP or in green cover. 
^Minimum crop and irrigated acres assumed equal to endogenous 
portions. 
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TABLE 11. Continued. 
Base constrained Unconstrained 
Total $/unita Total $/uni t' 
Allowable land conversion: 
dry to irrigated 17 0.5 19 0.5 
irrigated to dry 0 0.0 0 0.0 
wet soil now cropped 0 0.0 0 0.0 
land converted to CRP 0 0.0 0 0.0 
Sub total 17 0.5 19 0.5 
Supply of surface irrigation water 0 0.0 0 0.0 
Land allowed to exceed erosion level 0 0.0 0 0.0 
Total -571349 -21.5 -165927 -6.2 
Individual land quality value (average of dry and irrigated) b. 
1 1.7 1.3 
2 -4.4 -5.1 
3 -7.8 -8.2 
4 -9.5 -11.1 
5 0.0 0.0 
6 -11.1 0.0 
7 -6.9 -7.7 
8 -9.3 0.0 
Average -4.0 -4.5 
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I t  is  notewor thy  tha t  impl ied  land rent  in  Iowa v ia  the 
nat iona l  model  i s  ac tua l ly  decreased by  tak ing out  the  crop 
acreage const ra in ts ,  though the negat ive  producer  surp lus  in  the 
f ree  so lu t ion  is  on ly  30 percent  tha t  o f  the  const ra ined 
so lu t ion .  Apparent ly ,  the  crop acreage const ra in ts  increase the 
va lue o f  Iowa farmland,  a  conc lus ion cons is tent  w i th  in terpre t ing  
the const ra in ts  as  s imula t ing  commodi ty  program subs idy  e f fec ts  
on land resource a l locat ion .  
F inanc ia l  p roduct ion  incent ives  and poss ib le  in termodel  
cons is tency 
The product ion  incent ives  ex is t ing  in  each model  and those 
requ i red to  make the  const ra ined so lu t ions  opt imal  were  tabu la ted 
to  the ex tent  poss ib le .  From these incent ives  an a t tempt  to  
deve lop in termodel  cor respondences was made.  Th is  deve lopment  
was d i f f i cu l t  s ince the methods fo l lowed the s imple  resu l ts  o f  
Chapter  IV  wh i le  the  models  invo lve  more complex  s t ruc ture .  In  
par t icu lar ,  the  const ra in t  subsets  in  these app l ica t ions  are  on ly  
a  por t ion  o f  the  overa l l  model  const ra in t  se ts .  S ince the dua l  
so lu t ion  invo lves  the inverse o f  the  ent i re  pr imal  techno logy 
mat r ix  the  exact  cor respondences between ind iv idua l  ac t iv i t ies  
and const ra in ts  depend on the  ent i re  model  s t ruc ture .  Th is  
prob lem is  i l lus t ra ted in  F igure  8 .  
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Nat iona l  Cost  Min imizat ion  Model  
Pr imal  ;  Min C 'X 
s . t .  AX ^  B 
Dual  :  Max B 'U,  
s . t .  A U <:  C  
h ' l  
dl  a  d2 
Nat iona l  
Techno l i  
Mat r ix  
'9V 
d3 
b '  
4— 
Transpose nat iona l  
Techno Iogy  
Mat r i  x  
À  
Regiona l  Pro f i t  Max imizat ion  Model  
Pr imal  :  Max (u -c ) 'x  
s . t .  ax  ^  b  
Dual  ;  Min b 'v ,  
s . t .  a  V (u -c )  
(u -c ) '  >• 
Fundamenta l  Lemma o f  L inear  Programming:  C 'X < U 'AX < U 'B 
tqu i l ib r ium Theorem o f  L inear  Progrnmming:  C 'X*  =  U* 'AX*  =  U* 'B  
Impl ied  so lu t ion :  U*  =  A~^C and X*  =  (A~^> 'B 
F igure  8 .  Schemat ic  in termode I  pr imal -dua l  cor respondences 
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A nat iona l  cos t  min imizat ion  model  i s  g iven in  the top 
por t ion  o f  F igure  8 .  A reg iona l  par t  o f  th is  model  cons is ts  o f  
the  components  a ,  b  and c .  In  the s impl is t ic  idea l  model  example  
o f  Chapter  IV  the  nat iona l  pr imal  model  components  d l ,  d Z  and d3 
would  be equa l  to  zero ;  in  the  model  used in  th is  s tudy they 
conta in  coef f ic ien ts .  The prob lem is  fu r ther  compl ica ted in  tha t  
the  reg iona l  p ro f i t  max imizat ion  model  i s  augmented by  add i t iona l  
const ra in ts  and ac t iv i t ies  not  occur r ing  in  the nat iona l  model  as  
shown by  the  in ter io r  borders  in  F igure  8 .  The lower  case a ,  b ,  
c  and u  le t te rs  represent  the  reg iona l  subsets  o f  the  nat iona l  A,  
B ,  C,  and U.  However ,  in  the  models  o f  th is  s tudy even these 
subsets  are  not  cons is tent  due to  d i f fe r ing  techno logy 
inc lus ions,  over lapp ing reg ions,  e tc .  Th is  impl ies  tha t  even i f  
(u-c)  o f  the  reg iona l  pr imal  model  came f rom the nat iona l  models  
as  shown in  Chapter  IV ,  exact  cons is tent  cor respondences cannot  
be found un less  aggregators  are  homothet ic .  
l!Deii§d_sta te_n iode i_Eroduçtion_inçent j .yes  In  th is  s tudy 
i t  is  the marg ina l  incent ives  a t  the  so lu t ion  po in t  wh ich must  be 
cons idered as  the  dec is ion  parameters  s ince they are  where 
product ion  dec is ions  are  made.  To eva luate  these incent ives  
requ i res  both  model  input  data  (se l l ing  pr ices ,  product ion  cos ts ,  
y ie lds ,  e tc . )  and so lu t ion  charac ter is t ics  such as  par t ic ipa t ion  
ra tes ,  shadow pr ices  and marg ina l  cos ts .  Given the  complex  model  
s t ruc ture  iso la t ion  o f  marg ina l  cos ts  f rom the g iven so lu t ions  
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was imposs ib le  so  average cos ts  based on average y ie lds  f rom the 
so lu t ions  are  repor ted.  However ,  average cos t  i s  on ly  the  same 
as  marg ina l  cos t  i f  marg ina l  cos t  i s  constant  o r  i f  average cos t  
i s  a t  a  min imum po in t  and so the  rent  ( re turns)  conc lus ions g iven 
be low are  not  s t r ic t l y  va l id .  
For  the  s ta te  model  p roduct ion  incent ives  are  repor ted on ly  
fo r  the  or ig ina l  const ra ined vers ion.  Incent ives  are  the  same in  
the  f ree  vers ion except  tha t  const ra in ts  to  dec is ions  are  
removed.  In  the s ta te  model  var ious  ac t iv i t ies  represent  
d i f fe rent  por t ions  o f  the  overa l l  p roduct ion  and revenue 
genera t ing  process.  Product ion  ac t iv i t ies  s imula te  var ious  
methods o f  produc ing crops on a  per  acre  bas is  a t  a  g iven 
var iab le  cos t .  Add i t iona l  product ion  ac t iv i t ies  can be chosen to  
app ly  chemica ls  and per form ex t ra  t i l lages i f  opt imal .  Program 
par t ic ipa t ion  ac t iv i t ies  genera te  add i t iona l  revenue fo r  c ropp ing 
ac t iv i t ies  whi le  requ i r ing  se t  as ide to  non-use o f  some land 
resources.  Tab le  12 shows var ious  aspects  o f  the  incent ives  
apparent ly  ex is t ing  in  the model .  Input  data  to  the  model  
const ruc t ion  process inc luded se l l ing  pr ices ,  loan ra tes ,  
def ic iency  payments ,  d ivers ion payments  and se t  as ide 
requ i rements  as  shown in  the f i rs t  e ight  l ines  o f  data  in  Tab le  
12.  Each i tem in  Tab le  12 i s  exp la ined in  deta i l  and then 
impl ica t ions  fo r  model ing  cor respondences are  d iscussed.  
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Tab le  12 .  S ta te  mode l  f i nanc ia l  p roduc t ion  incen t i ves  
BAR CRN LHY NLH OTS SRG^ soyb  WHT 
Se l l i ng  Pr ice  1 .30  1 .35  45 .30  33 .30  1 .20  1 .20  5 .02  2 .30  
Loan Rate  1 .56  1 .92  0 .00  0 .00  0 .99  1 .82  5 .02  2 .40  
Def ic iency  payment  1 .04  1 .11  0 .00  0 .00  0 .61  1 .06  0 .00  1 .98  
D ivers ion  payment  
vo1untary  0 .00  0 .00  0 .00  0 .00  0 .00  0 .00  0 .00  2 .00  
mandatory  0 .57  0 .73  0 .00  0 .00  0 .36  0 .65  0 .00  1 .10  
D ivers ion  se t  as ide  percen t  
vo1untary  0 .00  0 .00  0 .00  0 .00  0 .00  0 .00  0 .00  5 .00  
mandatory  3 .00  3 .00  0 .00  0 .00  3 .00  3 .00  0 .00  5 .00  
Set  as ide  percen t  17 .50  17 .50  0 .  00  0 .00  17 .50  17 .50  0 .00  22 .50  
Imp l i ed  p r i  ces  
To ta l  2 .62  3 .05  45 .25  
Net (w/se t  as ide)  2 .09  2 .44  45 .25  
33 .25  
33 .25  
1 .90  
1 .52  
2 .90  
2 .32  
5 .02  
5 .02  
4 .54  
3 .06  
Average cos t® 
Marg ina l  revenue 
1 .17  1 .14  30 .81  
(per  un i t )  
44 .25  0 .78  1 .36  2 .30  2 .55  
Program 0 .92  1 .  30  14 ,  .49  -11 ,  .11  0 ,  .74  0 ,  .96  2 ,  .72  0 ,  .53  
Non-program 0 .13  0 .  21  14 .  .49  -11 .  ,11  0 .  ,42  -0 .  ,16  2 .  ,72  -0 ,  .25  
Marg ina l  re tu rns  (per  ac re )  
Program 59 .82  176 .  80  53 ,  .43  -20 .  ,00  39 .  ,07  86 ,  .78  88 .  ,67  20 .  78  
Non-program 8 .46  23 .  37  53 .  .61  -20 .  ,00  22 .  ,18  -14 .  .46  88 .  ,67  -11 ,  .23  
Program re tu rns  51 .36  148 .  43  0 ,  .00  0 .  ,00  16 .  ,89  101 .  24  0 .  ,00  32 ,  .00  
Returns  Rank  
Program 4  1  5  9  6  3  2  7  
Non-program 5  3  2  8  4  7  1  6  
Overa l1  Rank  
Program 5  1  6  15  8  4  2  11  
Non-program 12  9  7  16  10  14  3  13  
Par t i c ipa t ion  ra te  
Cons t ra  i  nod  0 .00  100.00  N/A N/A 0 .60  1 .50  100.00  0 .90  
Free  0 .00  97 .20  N/A N/A 0 .00  0 .00  100.00  0 .00  
Imp 1 i  ed  Subs  i  dy  2 .04  1 .09  25 .40  91 .10  1 .99  2 .27  0 .47  2 .53  
^Sorghum can  on ly  be  grown in  ro ta t ion  w i th  soybeans  o r  wheat  
i n  equa l  p ropor t ions  w i th  the  o ther  c rop  in  bo th  cases .  
' ^Soybean loans  a re  fac to red  in to  p r i ce  assuming  s ta te  
par t i c ipa t ion  ra t io  app l ies  equa l l y  to  a l l  ac res .  
^Average cos t  ca lcu la ted  as  average over  a l l  op t ima l  ac t i v i t y  
I  eve  I  s .  
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Produc t ion  ac t i v i t i es  genera te  commodi t ies  wh ich  v ia  
t rans fe r  rows a re  so ld  a t  the  se l l i ng  p r i ce  and c rop  acres  wh ich  
can  be  used as  a  resource  by  the  par t i c ipa t ion  ac t i v i t i es .  The 
method o f  ca lcu la t ing  the  ob jec t i ve  func t ion  coe f f i c ien t  fo r  the  
par t i c ipa t ion  ac t i v i t i es  depended on  whether  the  loan  ra te  was 
above  o r  be low the  se l l i ng  p r i ce .  In  bo th  cases  the  revenue i s  
equa l  to  de f i c iency  payment  per  ac re  p lus  d ivers ion  payment  per  
ac re .  Def ic iency  payment  i s  e i ther  ac tua l  y ie ld  mu l t ip l ied  by  
de f i c iency  p lus  loan  minus  p r i ce  i f  loan  g rea te r  than  p r i ce  o r  
de f i c iency  mu l t ip l ied  by  ac tua l  y ie ld  o therw ise ;  i n  bo th  cases  a  
par t i c ipa t ion  ra te  o f  100  percen t  i s  assumed.  D ivers ion  
payments  a re  equa l  to  base  y ie ld  mu l t ip l ied  by  d ivers ion  payment  
ra te .  For  soybeans  the  se l l i ng  p r i ce  was ad jus ted  to  assume a  
un i fo rm par t i c ipa t ion  ra te  fo r  every  ac re  c ropped ( i .e . ,  the  
h is to r i ca l  par t i c ipa t ion  ra te  was used)  and  inc lus ion  o f  
de f i c iency  payment  d i rec t l y ,  i .e . ,  no  separa te  parb ic ipa fc ion  
ac t i v i t i es  were  genera ted .  These payment  cons idera t ions  resu l ted  
in  the  " Imp l ied  to ta l  p r i ce"  shown in  Tab le  12 .  A reduc t ion  o f  
th is  p r i ce  by  the  to ta l  requ i red  se t  as ide  and d ivers ion  resu l ted  
in  the  " Imp l ied  ne t (w/ id le>"  p r i ce .  
Average cos t  per  ac re  fo r  each  c rop  was ca lcu la ted  as  the  
acreage we igh ted  average over  a l l  op t ima l  p roduc t ion  ac t i v i t i es .  
F i rs t ,  the  c rop  p roduc t ion  ac t i v i t i es  were  cons idered .  S ince  
each  ac t i v i t y  inc luded severa l  c rops  grown in  ro ta t ion  a  l i near  
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se t  o f  equat ions  was  fo rmu la ted  to  fac to r  ou t  ind iv idua l  average 
per  ac re  c rop  p roduc t ion  cos ts .  These were  then  conver ted  to  per  
un i t  cos ts  by  d iv id ing  by  average y ie lds .  F ina l l y ,  fo r  each  o f  
corn  and soybeans  a l l  the  pes t i c ide  app l i ca t ion  and ex t ra  
cu l t i va t ion  cos ts  were  added up  and  d iv ided  by  to ta l  p roduc t ion .  
Th is  resu l ted  in  a  g ross  average cos t .  In  rea l i t y ,  i t  i s  
d i f f i cu l t  to  cor re la te  the  average cos ts  o f  spec i f i c  techn iques  
w i th  the  marg ina l  cos ts  and re tu rns  o f  par t i c ipa t ion  dec is ions ,  
e tc .  Th is  method o f  average cos t  ca lcu la t ion  y ie lds  no  
in fo rmat ion  about  marg ina l  cos ts .  
Marg ina l  revenues  and re tu rns  were  ca lcu la ted  us ing  ex-pos te  
mode l  so lu t ion  average p roduc t ion  cos ts  ra ther  than  marg ina l  
cos ts .  The same average cos t  was  assumed to  app ly  equa l l y  fo r  
bo th  p rogram par t i c ipan ts  and non-par t i c ipa t ion .  Marg ina l  
re tu rns  were  ca lcu la ted  by  mu l t ip ly ing  marg ina l  revenue by  
average y ie ld .  The use  o f  average cos t  and  y ie ld  ins tead  o f  
marg ina ls  b iases  these  marg ina l  re tu rn  resu l ts  somewhat ;  however ,  
ne i ther  the  d i rec t ion  nor  the  magn i tude  o f  the  b ias  i s  known.  
The re tu rns  to  program par t i c ipa t ion  are  the  per  ac re  re tu rns  
d i f fe rences  f rom par t i c ipa t ing  and non-par t i c ipa t ing .  
The marg ina l  re tu rns  per  ac re  a re  ranked,  f i r s t  fo r  
par t i c ipa t ion  or  no t ,  and  then  fo r  the  overa l l  dec is ion  where in  
the  p roducer  cons iders  bo th  par t i c ipa t ion  and the  c rop  mix  
dec is ions .  The ac tua l  par t i c ipa t ion  ra tes  occur r ing  in  the  mode l  
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so lu t ions  are  a lso  shown in  Tab le  12 .  The cor re la t ion  be tween 
re tu rns  rank ing  and p rogram par t i c ipa t ion  i s  fa i r l y  good in  the  
cons t ra ined  case  even though the  var ious  cons t ra in ts  in  the  mode l  
impose add i t iona l  imp l ied  incen t i ves .  
Imp l ied  subs idy  ra tes  were  ca lcu la ted  by  cons ider ing  whether  
o r  no t  par t i c ipa t ion  occur red ,  whether  o r  no t  c rop  acreage 
cons t ra in ts  were  b ind ing  and shadow p r i ces  on  those  cons t ra in ts  
(bo th  c rop  mix  and  min imum acreages) .  For  bar ley  the  smal l  
g ra ins  mix  cons t ra in t  imp l ied  a  $2 .44  per  bushe l  subs idy  in  the  
absence o f  par t i c ipa t ion .  For  corn  no  acreage cons t ra in ts  were  
b ind ing  and the  imp l ied  subs idy  was  equa l  to  imp l ied  ne t  p r i ce  
minus  the  se l l i ng  p r i ce .  For  hay  the  c rop  cons t ra in ts  were  
b ind ing ,  bu t  s igns  d i f fe red  across  c rops  and in  some cases  the  
subs id ies  imp l ied  by  the  c rop  mix  were  o f fse t  by  the  those  o f  the  
c rop  min imums and v ice  versa .  For  oa ts ,  sorghum and wheat  
ac reage cons t ra in ts  were  b ind ing  bu t  par t i c ipa t ion  d id  no t  occur .  
The soybean subs idy  i s  ca lcu la ted  the  same as  fo r  corn .  There  i s  
no t  a  c lear  exp lana t ion  as  to  why w i th  such  la rge  subs id ies  
needed fo r  the  cons t ra ined  leve ls  to  be  op t ima l  tha t  p rogram 
par t i c ipa t ion ,  wh ich  wou ld  o f  o f fse t  a t  leas t  par t  o f  the  
requ i red  subs idy ,  d id  no t  occur .  Th is  resu l t  may be  due to  the  
re la t i ve  scarc i t y  o f  base  acres  o f  these  c rops  g iven  the  CRP 
id l ing  requ  i  rements .  
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Nat iona l  mode l  p roduc t ion  incen t i ves  The na t iona l  mode l  
has  a  na t iona l  leve l  cos t  m in im iza t ion  c r i te r ion .  The bas is  
assumpt ion  requ i red  fo r  in te rp re ta t ion  o f  the  mode l  so lu t ion  i s  
tha t  commodi ty  p r i ce  i s  equa l  to  marg ina l  cos t  o f  p roduc ing  the  
spec i f ied  leve l  o f  commodi t ies .  Th is  a l lows  in te rp re ta t ion  o f  
the  shadow p r i ces  o f  the  demand cons t ra in ts  as  p r i ces  rece ived  by  
p roducers  and on  wh ich  dec is ions  a re  based.  However ,  cho ices  a re  
cons t ra ined  by  ind iv idua l  min imum c rop  acreages .  To  the  imp l ied  
commodi ty  demand cons t ra in ts  can  be  added the  shadow p r i ces  o f  
ind iv idua l  c rop  cons t ra in ts  d iv ided  by  y ie ld .  These imp l ied  
to ta l  marg ina l  p r i ces  are  then  what  wou ld  be  requ i red  to  cause  
the  cons t ra ined  so lu t ion  to  be  op t ima l  g iven  a l l  e lse  remain ing  
the  same.  
As  exp la ined  ear l ie r  in  the  mode l  s t ruc tu re  sec t ion  the  
na t iona l  mode l  p roduc ing  and marke t ing  a reas  a re  no t  by  s ta te  
boundar ies .  Summary  p rograms p repare  s ta te  leve l  resu l ts  
repor t ing  tab les  f rom the  mode l  us ing  f i xed  (h is to r i ca l )  we igh ts  
fo r  the  Iowa por t ions  o f  the  severa l  over lay ing  p roduc ing  and 
marke t ing  reg ions .  However ,  these  tab les  do  no t  g ive  the  same 
leve l  o f  de ta i l  fo r  the  p r ima l  and  dua l  so lu t ions  a t  the  s ta te  
leve l  as  i s  ava i lab le  fo r  the  na t iona l  mode l  summary .  There fo re ,  
e i ther  on ly  approx imate  averages  f rom the  summary  tab les  o r  
representa t i ve  va lues  f rom predomina te  mode l  a reas  a re  used in  
the  fo l low ing  ana lys is .  
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Summary  tab les  showing  the  to ta l  p roduc t ion  cos t  fo r  each  
commodi ty  and  the  marg ina l  demand va lues  were  ava i lab le  fo r  bo th  
the  cons t ra ined  and f ree  so lu t ions .  Average p roduc t ion  cos t  was  
found by  d iv id ing  the  repor ted  to ta l  cos t  by  to ta l  p roduc t ion .  
The imp l ied  subs id ies  due to  the  b ind ing  acreage cons t ra in ts  were  
ca lcu la ted  by  us ing  the  ac tua l  mode l  so lu t ions  and assuming  
we igh ts  fo r  the  areas  invo lved .  Weigh ts  o f  0 .64 ,  0 .32  and 0 .04  
were  assumed fo r  marke t  a reas  12 ,  15 ,  and  16 ,  respec t i ve ly .  In  
each  o f  these  reg ions  i t  was de te rmined i f  the  c rop  min imum 
acreage cons t ra in t  was  bo th  non-zero  and b ind ing  so  as  to  
de te rmine  i f  the  marg ina l  was  due  to  fo rc ing  in  a l l  those  reg ions  
o r  i f  one o r  more  reg ions  were  p roduc ing  beyond the  cons t ra in t ,  
i n  wh ich  case  the  marg ina l  wou ld  be  zero  fo r  the  s ta te .  
The marg ina l  demand p r i ces  and imp l ied  subs idy  ra tes  were  
added toge ther  to  g ive  a  " to ta l  marg ina l "  incen t i ve  as  shown in  
Tab le  13 .  Imp l ied  re tu rns  were  ca lcu la ted  as  the  imp l ied  subs idy  
mu l t ip l ied  by  y ie lds ;  however ,  s ince  average cos t  i s  g rea te r  than  
marg ina l  cos t  th is  cannot  represent  an  equ i l ib r ium so lu t ion  and 
so  the  " ren t "  ca lcu la t ion  i s  inva l id .  
Note  tha t  imp l ied  ren t  ranks  a re  d i f fe ren t  than  in  the  s ta te  
mode l .  Here  they  a re  very  s im i la r  in  magn i tude  across  c rops ,  
ind ica t ing  tha t  perhaps  some common fac to r  i s  caus ing  a  gener ic  
ac reage cons t ra in t .  
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Tab le  13 .  Iowa f inanc ia l  p roduc t ion  incen t i ves  (na t iona l  mode l )  
BAR CRN LHY NLH OTS SRG SOY WHT 
Cons t ra inedJMode l  
Average cos t^  1 .56  1  .35  29 .44  33 .09  1 .65  1 .21  2 .61  2 .07  
Marg ina l  demand va lue^  
(marg ina l  cos t )  0 .85  1  .13  3 .79  0 .03  1 .45  0 .97  2 .53  1 .63  
Min imum acres  imp l ied  subs  
(marg ina l  cos t )  0 .46  0  
idyc  
.36  16 .21  16 .21  0 .00  0 .32  0 .25  0 .34  
To ta l  marg ina l^  1 .31  1  .49  20 .00  16 .24  1 .45  1 .25  2 .78  1 .97  
Returns /acre® -13 .65  16  .98  -36 .82  -28 .65  -10 .56  3 .62  8 .11  -4 .49  
rank  6  1  8  7  5  3  2  4  
Imp l ied  ren t^  25 .25  43  .67  63 .22  27 .56  0 .00  26 .98  11 .93  15 .23  
Free_ l jode i  
Average cos t  1 .39  1  .36  18 .67  0 .00  1 .57  0 .98  2 .36  0 .00  
Marg ina l  demand va lue  
(marg ina l  cos t )  1 .09  1  .23  16 .25  0 .00  1 .57  0 .91  2 .53  0 .00  
Returns /acre  -16 .47  -15  .37  -10 .16  0 .00  0-00  -5 .56  -8 .08  0 .00  
rank  6  5  4  ?g  1  2  3  ?g  
^Average cos t  i s  to ta l  cos t  d iv ided  by  to ta l  p roduc t ion .  
Marg ina l  demand va lue  i s  shadow p r i ce  on  demand cons t ra in t .  
^Marg ina l  cos t  o f  min imum acres  i s  shadow p r i ce  d iv ided  by  
average y ie ld .  
To ta l  marg ina l  i s  sum o f  shadow p r i ce  o f  demand and  acres  
cons t ra  i n t .  
^Returns  a re  to ta l  marg ina l  m inus  average p roduc t ion  cos t .  
f Imp l ied  ren t  i s  imp l ied  subs idy  mu l t ip l ied  by  y ie ld .  
9S ince  p roduc t ion  equa l  ze ro ,  as  a re  re tu rns ,  the  rank  i s  no t  
known.  
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For  near ly  a l l  commodi t ies  in  bo th  mode l  ve rs ions  the  
imp l ied  ren t  i s  negat ive .  Th is  i s  due to  the  demand p r i ces  be ing  
de te rmined by  na t iona l  equ i l ib r ium supp ly  and  demand cond i t ions  
wh i le  average cos t  i s  de te rmined by  loca l  techno logy  and the  
presence o f  non-op t ima l  fo rc ing  cons t ra in ts .  As  an  example ,  even  
i f  c rop  p roduc t ion  cos ts  were  lower  in  the  res t  o f  the  na t ion ,  o r  
fo r  ano ther  techn ique  in  Iowa,  g iv ing  a  low marg ina l  commodi ty  
va lue ,  p roduc t ion  must  s t i l l  occur  to  meet  the  var ious  
cons t ra  i  n ts .  
lQBi iÇBt ions_ fg r  çor resgondençes  The c Ioses t  
cor respondence ava i lab le  i s  in  the  imp l ied  p reva i l ing  subs idy  
ra tes  in  the  mode ls .  I f  marg ina l  cos t  in fo rmat ion  were  ava i lab le  
and i f  i t  were  s im i la r  across  the  mode ls  ( l i ke ly  s ince  near ly  the  
same techno logy ,  resource  and cons t ra ined  acreages  a re  in  bo th )  
then  i t  seems tha t  ren t  rank ings  a re  near ly  the  same.  
Severa l  imp l i ca t ions  fo r  mode l  s t ruc tu re  and so lu t ions  can  
be  d rawn f rom th is  exerc ise  even i f  c lear  cor respondences  cannot  
be  shown.  I f  cons t ra in ts  in  the  na t iona l  mode l  fo rce  a  c rop  in  
to  meet  non-demand cons t ra in ts  ( in  wh ich  case  the  marg ina l  cos t  
o f  p roduc t ion  i s  lower  e lsewhere)  and  cons t ra in ts  accompl ish ing  
more  o r  less  the  same a lso  ex is t  in  the  s ta te  mode l  then  l i nks  
are  c lea i—pr ima l  ou tcomes bo th  equa l  the  e f fec t i ve  cons t ra in t  
leve ls  wh i le  dua l  impac ts  a re  in  the  same d i rec t ion  bu t  o f  
d i f fe r ing  magn i tude  depend ing  on  the  dev ia t ion  o f  imp l ied  p r i ce  
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f rom marg ina l  cos t  ex is t ing  in  the  mode ls .  However ,  i f  th is  i s  
the  case ,  then  impac t  es t imates  due to  po l i cy  imp lementa t ion  a re  
b iased  s ince  no  quant i t y  ad jus tment  i s  a l lowed:  b iased  downward  
on  the  p r ima l  ac t i v i t i es  s ide  and upwards  on  the  dua l  resource  
eva lua t i  ons .  
Due to  l i near i t y  the  p ro f i t  mode l  wou ld  na tu ra l l y  choose 
on ly  to  produce the  most  p ro f i tab le  c rops .  Cons t ra in ts  wou ld  be  
requ i red  to  fo rce  in  the  less  p ro f i tab le  c rops .  The shadow p r i ce  
on  these  cons t ra in ts  wou ld  be  equa l  to  per  ac re  p ro f i t  
d i f fe rences  wh ich  cou ld  be  conver ted  to  imp l ied  needed p r i ce  
subs id ies  by  d iv id ing  by  y ie ld .  For  the  s ta te  mode l  th is  wou ld  
then  y ie ld  an  inde te rmina te  so lu t ion  as  shown in  Chapter  IV .  I f  
non- l inear  marg ina l  cos t  cou ld  be  assumed,  due  to  l inear ized  
s teps  in  the  LP,  e tc . ,  a  combina t ion  o f  subs id ies  and /o r  
pena l t ies  cou ld  be  imposed to  ge t  the  so lu t ions  cons is ten t .  
However ,  non- l inear i t y  o f  the  fo rms usab le  in  an  LP imp l ies  
aggregat ion  incons is tency  and c lear  ana ly t i ca l  fo rms seem to  be  
non-der ivab le  g iven  the  complex  and  d i f fe r ing  na tu re  o f  these  
mode I s .  
The Ref ined  S ta te  Mode l  and  Cor respondence Imp l i ca t ions  
Mgde l_changes  
Three  se ts  o f  cons t ra in ts  in  the  s ta te  mode l  were  taken  ou t  
fo r  th is  exerc ise :  the  p lan tab le  base  resources ,  the  
p ropor t iona l  c rop  mix  fo r  hay  and  smal l  g ra ins  and the  a l lowab le  
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base reduc t ions .  The reason ing  beh ind  each  o f  these  changes  i s  
d iscussed separa te ly  be low.  
The purpose  o f  the  p lan tab le  base  acreages  cons t ra in ts  in  
the  o r ig ina l  mode l  as  ob ta ined  fo r  th is  s tudy  was  to  fo rce  a l l  
the  base  acres  no t  used fo r  CRP (p rev ious  and cur ren t  s ignup 
assumpt ions)  to  be  used in  program par t i c ipa t ion  o r  face  a  
pena l ty .  The pena l ty  was  equa l  to  the  d iscounted  Net  Present  
Va lue  <NPV> o f  expec ted  loss  o f  p rogram earn ings  in  fu tu re  years .  
As  equa l i t i es  in  the  mode l  these  cons t ra in ts  were  d is to r t ing  the  
dua l  so lu t ion  t remendous ly  so  in  the  cons t ra ined  vers ion  o f  th is  
s tudy  they  were  changed to  upper  bounds  on  p lan tab le  base  ac res .  
Th is  change had l i t t l e  impac t  on  the  p r ima l  so lu t ion  bu t  g rea t l y  
improved the  dua l .  The in ten t  o f  th is  cons t ra in t  cou ld  be  
ma in ta ined  by  hav ing  one cons t ra in t  fo r  each  c rop  requ i r ing  a l l  
the  base  acres  to  be  used,  enro l led  in  CRP o r  id led  w i th  a  
pena l ty .  However ,  the  CRP i s  a l ready  f i xed  in  to ta l  and 
p ropor t iona l l y  fo r  ind iv idua l  c rop  base  reduc t ions .  Program 
re tu rns  a re  pos i t i ve  fo r  a l l  c rops  and so  the  base  w i l l  sure ly  be  
used w i thou t  these  cons t ra in ts .  In  any  case ,  on ly  the  corn  base  
has  a  non-zero  pena l ty  fo r  non-use .  Ac tua l  i d l ing  o f  base  
acreage in  o ther  c rops  in  bo th  the  cons t ra ined  and f ree  runs  was  
sma l l ,  and  p robab ly  necessary  to  meet  mach inery  l im i ta t ions ,  
e tc . ,  due to  the  complex  mode l  s t ruc tu re .  
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The "ALLOC"  p ropor t iona l  c rop  mix  acreage cons t ra in ts  impose 
the  assumpt ions  o f  homothe t i c i t y  on  the  hay  and  smal l  g ra ins  
aggregates ;  th is  i s  an  assumpt ion  tha t  seems par t i cu la r l y  
undes i rab le  g iven  the  in te r tw ined  commodi ty  and  resource  po l i c ies  
s tud ied  here .  The min imum c rop  acreage cons t ra in ts  w i l l  
accompl ish  the  goa l  o f  non-spec ia l i za t ion .  Re la t i ve ly  few acres  
a re  invo lved  in  these  cons t ra in ts  and so  ne i ther  the  p r ima l  nor  
dua l  impac ts  o f  th is  change shou ld  be  expec ted  to  be  la rge .  
F ina l l y ,  the  a l lowab le  base  reduc t ions  cons t ra in ts  were  
taken  ou t ,  a l low ing  the  mode l  comple te  f reedom fo r  id l ing  a l l  o f  
any  c rop  vase  v ia  CRP enro l lment  o r  se t  as ide  w i th  a  pena l ty .  A 
c lear  jus t i f i ca t ion  fo r  the  o r ig ina l  cons t ra in ts  was  no t  
ava i I  ab le .  
Resu l ts  
The re f ined  cons t ra ined  mode l  p roduced resu l ts  (bo th  p r ima l  
and  dua l )  amaz ing ly  s im i la r  to  the  o r ig ina l  vers ion  (compare  
Tab les  14  and  15  to  Tab les  8 ,  9  and 11) .  On the  p r ima l  s ide  th is  
s im i la r i t y  was to  be  expec ted  g iven  the  l i near i t y  o f  the  mode l  
and  the  tendency  to  spec ia l i ze  in  the  most  p ro f i tab le  c rops  
sub jec t  to  the  ne t  cons t ra ined  d ivers ion  to  o ther  c rops  wh ich  
remained essent ia l l y  unchanged.  On the  dua l  s ide  c learer  l i nks  
be tween p roduc t ion  incen t i ves  and cons t ra ined  s ta te  and na t iona l  
ou tcomes were  expec ted .  However ,  as  exp la ined  ear l ie r ,  o ther  
d i f fe rences  in  mode l  s t ruc tu re  as  we l l  as  empi r i ca l  con ten t  s tand  
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Tab le  14 .  Ref ined  mode l  ou tcome compar ison  (p r ima l  so lu t ion)® 
BAR CRN LHY NLH OTS SRG SOY WHT 
Acres(1000s)  4 .0  
% d i f f .  0 .0  
9837.0  
0 .2  
1200.0  
0 .0  
77 .0  
-88 .0  
1000.0  
0 .0  
670.0  
0 .0  
8728.0  
6 .8  
100.0  
-7 ,4  
Outpu tdO®)  0 .2  
' / .  d i f f .  -7 .7  
1356.6  
2 .0  
4 .1  
-6 .8  
0 .1  
-91 .3  
52 .8  
0 .6  
60 .2  
-0 .7  
281.5  
5 .8  
3 ,7  
-11 ,6  
Y ie lds  60 .0  
% d i f f .  -7 .8  
137.9  
2 .1  
3 .4  
-7 .6  
1 .3  
-27 .8  
52 .8  
0 .0  
89 .9  
—0.6  
32 .3  
-1 .0  
37 ,4  
—4,6  
Average cos t  0 .9  
% d i f f .  -19 .6  
1 .1  
-6 .1  
35 .0  
13 .6  
65 .0  
47 .7  
0 .5  
-34 .6  
1 .5  
13 .2  
2 .1  
-9 .1  
2 .5  
-1 .6  
Marg ina l  revenue (per  un i t )  
Program 1 .15  1 .37  10 .30  
Non-program 0 .36  0 .28  10 .30  
-31 .70  
-31 .70  
1 ,01  
0 ,69  
0 .78  
-0 .34  
2 .93  
2 .93  
0 .55  
-0 ,21  
Marg ina l  re tu rns  (per  ac re )  
Program 69 .00  188.92  35 .23  
Non-program 21 .60  38 .61  35 .23  
-41 .20  
-41 .20  
53 .33  
36 .43  
70 .12  
-30 .56  
94 .49  
94 ,49  
20 .57  
-7 ,85  
Program re tu rns  
47 ,40  150.31  0 .00  0 .00  16 ,90  100 ,68  0 ,00  28 .42  
Returns  rank  
Program 4  
Non-program 5  
1  
2  
6  
4  
8  
8  
5  
3  
3  
7  
2  
1  
7  
6  
Overa l1  rank  
Program 5  
Non-program 10  
1  
7  
10  
1  
15  
16  
6  
9  
4  
14  
2  
3  
12  
13  
Par t i c ipa t ion  ra te  
0 .00  1 .00  0 .00  0 .00  0 .02  0 .00  1 .00  0 .00  
Imp 1 i  ed  subs  i  dy  
2 .39  
% d i f f .  17 .16  
1 .09  
0 ,00  
78 .34  
208.43  
46 .64  
-48 .80  
1 .79  
-10 ,05  
2 .05  
-9 .69  
0 ,47  
0 .00  
3 ,07  
21 .35  
^Percen tage d i f fe rences  are  w i th  the  o r ig ina l  cons t ra ined  mode l  
as  base .  
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i n  the  way o f  c lear  der ivab le  cor respondences .  Crops  be ing  
p roduc ib le  on ly  in  ro ta t ions  as  a  mu l t i -p roduc t  p rocess  a lso  
l im i t  the  cor respondences  der ivab le  fo r  ind iv idua l  c rop  acres  and 
commodi t ies .  Though the  shares  o f  ind iv idua l  resources  in  to ta l  
imputed  re tu rns  change fo r  the  re f ined  mode l  a  judgement  as  to  
wh ich  o f  the  o r ig ina l  o r  re f ined  vers ions  g ive  the  bes t  we l fa re  
es t imates  i s  no t  made.  
Tab le  14  compares  the  p r ima l  so lu t ion ,  p r i ces  and re tu rns  o f  
the  re f ined  cons t ra ined  mode l  to  the  o r ig ina l .  Acreages  o f  
bar ley ,  legume hay ,  oa ts  and sorghum are  unchanged s ince  they  
remained a t  the  o r ig ina l  b ind ing  min imum leve ls .  Corn  y ie lds  and 
p roduc t ion  inc rease  about  two percen t  w i th  acreage near ly  
cons tan t ,  i nd ica t ing  a  sh i f t  to  more  p roduc t i ve  land  and/o r  
techn iques .  For  soybeans  the  acreage inc rease  i s  g rea te r  than  
the  p roduc t ion  inc rease ,  ind ica t ing  a  sh i f t  to  poorer  land .  A l l  
o ther  c rops  show a  dec l ine  in  y ie lds .  Acreage o f  non- legume hay  
su f fe red  the  g rea tes t  decrease  (88  percen t )  a long  w i th  a  28  
percen t  y ie ld  dec l ine .  Bar ley  appears  to  have  su f fe red  the  most  
s ign i f i can t  resource  use  sh i f t  s ince  i t s  y ie ld  fe l l  the  most .  
Desp i te  the  sh i f t  to  poorer  lands  and the  concur ren t  y ie ld  
dec l ines  the  average p roduc t ion  cos t  dec l ined  fo r  bar ley ,  wheat  
and  oa ts .  The most  d ras t i c  average cos t  changes  were  an  inc rease  
o f  48  percen t  fo r  non- legume hay  and  a  decrease  o f  35  percen t  fo r  
oa ts .  Wi th  cons tan t  p r i ces  and commodi ty  p rogram parameters  
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these  average cos t  changes  t rans la te  d i rec t l y  to  changes  in  
re tu rns  per  ac re .  
The impac t  o f  the  a l te rna t i ve  method o f  cons t ra in ing  the  
so lu t ion  can  be  seen in  the  " Imp l ied  Subs idy"  changes  f rom Tab le  
5  to  Tab le  14  ( though marg ina l  cos ts  a re  unknown the i r  changes  
a re  sor t  o f  imp l ied  here) .  The lower  y ie lds  fo r  bar ley ,  legume 
hay  and  wheat  a re  d i rec t l y  compensated  fo r  by  inc reases  in  the  
imp l ied  subs idy  ra tes  o f  17 .6 ,  208 .4  and 21 .4  percen t ,  
respec t i ve ly .  An inc rease  in  the  imp l ied  subs idy  fo r  non- legume 
hay  wou ld  a lso  l i ke ly  have  occur red  i f  no t  fo r  the  d ras t i c  
acreage decrease .  
The overa l l  d i f fe rence  be tween the  pa t te rn  o f  imp l ied  
subs id ies  in  the  s ta te  mode ls  and  the  na t iona l  was  es t imated  in  
the  fo l low ing  manner .  F i rs t ,  fo r  bo th  the  o r ig ina l  and  the  
re f ined  s ta te  mode ls  the  percen tage d i f fe rences  in  subs id ies  
be tween them and the  na t iona l  were  ca lcu la ted  fo r  each  c rop .  For  
each  s ta te  mode l  ve rs ion  the  sum o f  squared  percen tage 
d i f fe rences  was ca lcu la ted ,  the  square  roo t  taken  and the  resu l t  
d iv ided  by  the  number  o f  c rops .  Th is  ca lcu la t ion  gave  an  
"average"  percen tage d i f fe rence  o f  137  fo r  the  o r ig ina l  mode l  and  
147  fo r  the  re f ined—apparen t l y  the  o r ig ina l  more  c lose ly  fo l lows  
the  na t iona l  pa t te rn .  
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A compar ison  o f  the  dua l  so lu t ions  o f  the  re f ined  and 
o r ig ina l  s ta te  mode ls  i s  g iven  in  Tab le  15 .  F i rs t ,  no te  tha t  
shares  o f  re tu rns  imputed  to  resources  a re  a f fec ted  
s ign i f i can t l y .  The land  ren t  share  decreases  w i th  the  change 
go ing  to  an  inc rease  in  the  program base acreage resource  share .  
Th is  l i ke ly  occur red  because c rops  fo r  wh ich  base  acreages  were  
no t  ava i lab le  o r  as  p ro f i tab le  (hay  and  smal l  g ra ins )  were  be ing  
requ i red  in  f i xed  propor t ions ,  e tc . ,  c rea t ing  an  a r t i f i c ia l l y  
scarce  land  base  in  the  o r ig ina l  mode l .  
The  CRP enro l lment  cons t ra in t  i s  more  res t r i c t i ve  s ince  i t s  
con t rac t  payment  was  unchanged wh i le  c rop  base  acreages  became 
more  va luab le .  The share  accru ing  to  the  ind iv idua l  c rop  min imum 
acres  i s  smal le r  in  the  re f ined  mode l .  No te  tha t  the  "ALLOC"  
c rop  mix  cons t ra in ts  in  the  o r ig ina l  mode l  had  no  non-zero  RHS in  
e i ther  mode l  ve rs ion  and so  rece ive  no  ren t  share ,  desp i te  the i r  
la rge  shadow p r i ces  (up  to  $150 per  ac re ) .  
Ind iv idua l  land  qua l i t y  marg ina l  va lues  changed d ras t i ca l l y  
as  compared  to  the  o r ig ina l  so lu t ion .  The bes t  land  rece ived  a  
f i ve  percen t  inc rease  in  va lue  wh i le  marg ina l  va lues  dec l ined  fo r  
a l l  o ther  land  groups  w i th  the  poores t  lands  rece iv ing  a  13  
percen t  decrease .  Marg ina l  va lues  fo r  land  and mach inery  were  
unchanged.  Except  fo r  sorghum,  the  marg ina l  va lues  o f  a l l  base  
acreages  a re  equa l ,  imp ly ing  a  common use  fo r  the  marg ina l  ac re  
(CRP enro I  I  ment ) .  
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Tab le  15 .  Iowa mode l  dua l  ( ren t )  compar ison  o f  re f ined  to  o r ig ina l  
Cons t ra ined  Base Ref ined  Cons t ra ined  
# 's  o f  $106 # 's  o f  $106 
un  i  ts  to ta  1 un  i  t s  to ta  1 
I tem un i  t  (1000s)  $ /un  i  t  ren t  share  $ /un i t  ren t  share  
Land:  1  acre  2898 139 430  2998 146 422  
2  acre  5887 136 801  5887 130 764 
3  acre  6826 135 922  6826 125 851  
4  acre  1980 127 251  1980 116 230  
5  acre  0  167 0  0  158 0  
6  acre  785  100 79  785 65  51  
7  acre  7650 128 979  7650 117 894  
8  acre  786  122 96  786 106 83  
9  acre  69  122 9  69  106 7  
To ta  1 26881 3539 0 .95  26881 3302 0 .87  
Mach i  ne  :  
2-F  hour  101  103 10  101  103 10  
10-S hour  1963 7  14  1963 7  14  
13-S hour  2  80  0  1847 78  0  
To ta  1 24  0 .01  189 0 .05  
Labor :  Fa l  1 hour  29000 4  116 29000 4  116 
Spr ing  hour  25000 4  100 25000 4  100  
Summer  hour  21000 4  84  21000 4  84  
To ta  1 300  0 .08  300 0 .08  
Base :  Bar  1ey  ac re  0  26  0  0  52  0  
Corn  acre  13633 31  423 13633 52  702 
Oats  ac re  28  4  0  28  52  1  
Wheat  ac re  55  22  1  55  52  3  
Sorgh .  ac re  12  21  0  12  52  1  
To ta l  425  0 .11  707 0 .19  
P lan tab le  Base(a f te r  CRP by  so i l ) :  
Corn  1  acre  1407 34  48  0  0  0  
Corn  2  acre  2932 9  26  0  0  0  
Corn  3  acre  2840 1  3  0  0  0  
Corn  7  acre  10  89  1  0  0  0  
To ta l  78  0 .02  0  0 .00  
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Tab le  15—Cont inued.  
Cons t ra ined  Base Ref ined  Cons t ra ined  
# 's  o f  $106 # 's  o f  $106 
un i ts  to ta l  un i ts  to ta l  
I tem un i t  (1000s)  $ /un i t  ren t  share  $ /un i t  ren t  share  
A l lowab le  base  reduc t ions :  
Bar ley  acre  0  4  0  0  0  0  
Corn  ac re  1849 0  0  0  0  0  
Wheat  ac re  41  9  0  0  0  0  
Oats  ac re  21  27  1  0  0  0  
To ta l  1  0 .00  0  
A l lowab le  land  re t i rement :  
4  acre  990  0  0  990 1  1  
6  acre  392  28  11  392  51  21  
8  acre  393  5  2  393 11  4  
9  acre  35  5  0  35  11  0  
To ta l  13  0 .00  26  
CRP Cur . ($69)  ac re  80  -74  -6  80  —64 -5  
Fu t . ($100)  ac re  3218 -62  -199  3218 -64  -206  
To ta  1 -205  -0 .05  -211  
Crop  min .  Hay  ac re  1200 -171  -205  0  0  0  
Oat  ac re  1000 -118  -118  0  0  0  
Sor  ac re  870  -206  -138  0  0  0  
To ta  1 -461  -0 .12  0  
Net  Grand To ta l  3713 1 .00  3808 
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Marg ina l  va lues  on  c rop  mix  cons t ra in ts  in  the  o r ig ina l  
mode l  were  $ -132 .8 ,  77 .2 ,  -144 .1 ,  13 .0 ,  and  -114 .9  fo r  bar ley ,  
legume hay ,  non- legume hay ,  oa ts  and wheat  respec t i ve ly .  Changes  
in  shadow p r i ces  on  CRP land  group a l loca t ions  were  a lso  ra ther  
d ras t i c .  The percen tage changes  fo r  land  groups  one to  s ix  were :  
216 .3 ,  11 .7 ,  6 .0 ,  -100 .0 ,  40 .9<2ero  in  o r ig ina l  to  40 .9  in  
re f ined) ,  and  -100 .0 .  
Desp i te  the  Imp l ied  subs idy  pa t te rns  o f  the  re f ined  mode l  
l ook ing  worse  than  in  the  o r ig ina l ,  the  changes  seen in  the  
overa l l  dua l  so lu t ion  are  expec ted .  The changes  in  the  dua l  
so lu t ion  ind ica te  more  d iverse  p roduc t ion  oppor tun i t ies  w i th  a  
w ider  spread o f  cos ts  ( ind ica ted  by  the  w ider  spread in  resource  
va lues  across  p roduc t i v i t y  leve ls ) .  The resu l t  i s  a  mode l  more  
respons ive  to  po l i cy  in te rven t ion  and hence la rger  p r ima l  
(sma l le r  dua l )  impac t  es t imat ions .  
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CHAPTER VI. 
CONCLUSIONS 
In  th is  work  the  prob lem o f  a t ta in ing  bo th  p r ima l  and  dua l  
cons is tency  w i th in  and be tween mode ls  o f  a  sys tem has  been 
addressed.  S t r i c t  aggregat ion  cons is tency  theorems have  been 
eva lua ted  w i th  regard  to the i r  imp l i ca t ions  fo r  reg iona l /na t iona l  
na tu ra l  resource  po l i cy  mode l ing .  I t  was no ted  tha t  few 
cons is ten t  non- l inear  aggregators  fo r  wh ich  da ta  a re  ava i lab le  in  
the  appropr ia te  aggregate  fo rm are  ava i lab le  tha t  a re  usab le  in  
na t iona l  and  reg iona l  na tu ra l  resource  programming mode ls .  In  
the  case  o f  l i near  func t iona l  fo rms fo r  wh ich  the  ava i lab le  
aggregate  da ta  a re  cons is ten t  the  resu l t ing  l inear  mode l  may be  
behav io ra l  I  y  incons is ten t .  
T rad i t iona l l y ,  l i near i t y  in  na tu ra l  resource  mode ls  has  
resu l ted  in  behav io ra l  incons is tency  wh ich  leads  to  the  use  o f  
a r t i f i c ia l  cons t ra in ing  methods  to  gu ide  the  p r ima l  so lu t ion .  
A r t i f i c ia l  cons t ra in ts  o f ten  resu l t  in  dua l  so lu t ions  
un in te rp re tab1e f rom a  resource  marke t  v iew.  Methods  o f  
par t ia l l y  overcoming  these  mode l ing  aggregat ion  and behav io ra l  
cons is tency  prob lems have  been sugges ted  in  th is  s tudy .  These 
f ind ings  are  ca tegor ized  in  more  de ta i l  i n  the  remainder  o f  th is  
chapter .  
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The conc lus ions  a r i s ing  f rom th is  s tudy  can  be  c lass i f ied  as  
fo l lows :  the  s t r i c t  cons is tency  p ropos i t ions  a r i s ing  f rom 
theory ;  d i f f i cu l t ies  in  sa t i s fy ing  the  theore t i ca l  p ropos i t ions  
in  app l ied  work ;  and  in te rp re t i ve  gu ide l ines  fo r  the  use  o f  
a r t i f i c ia l  cons t ra in ing  procedures  in  app l ied  work .  Each o f  
these  head ings  w i l l  be  addressed separa te ly  be low.  F ina l l y ,  some 
sugges t ions  fo r  fu r ther  s tudy  o f  the  prob lem are  g iven .  
S t r i c t  Aggregat ion  and Behav io ra l  Cons is tency  Propos i t ions  
A,  In  the  absence o f  any  res t r i c t ions  on the  va lues  tha t  
var iab les  may take  such  tha t  cons is tency  depends  so le ly  on  
func t iona l  fo rms.  
1 .  I f  bo th  dependent  and  independent  va r iab les  a re  assumed 
to  be  s imp le  sums,  the  ind iv idua l  func t ions  be ing  
aggregated  must  be  l i near  w i th  iden t i ca l  s lopes  (Green,  
1964). 
2 .  I f  e i ther  the  dependent  o r  independent  va r iab le  i s  
a l lowed to  be  a  we igh ted  sum the  func t ions  must  s t i l l  
be  l i near  and the  ra t io  o f  s lope  coe f f i c ien t  to  we igh t  
must  be  cons tan t  ac ross  a l l  func t ions  (Green,  1964) .  
a )  In  consumpt ion  func t ions  the  ra t io  o f  income to  
marg ina l  p ropens i ty  to  consume ( the  we igh t )  munt  
be  cons tan t  ac ross  a l l  househo lds  fo r  the  
aggregate  func t ion  ho be  cons is ten t  (Green,  1964) .  
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b> Produc t ion  func t ions  must  be  l i near  and 
homogeneous  w i th  in te rcep t  te rms equa l  to  zero  and 
exh ib i t  para l le l  hyperp lane  i soquants ,  iden t i ca l  
ac ross  a l l  f i rms  (Green,  1964) .  
3 .  I f  log  fo rms o f  non- l inear  func t ions  can  be  taken  then  
the  log  fo rms can  be  t rea ted  as  l i near  func t ions  fo r  
the  purposes  o f  aggregat ion  (Green,  1964) .  
4 .  For  a rb i t ra ry  second degree  po lynomia ls  complex  
we igh t ing  res t r i c t ions  are  essent ia l l y  tha t  a i l  own 
var iab le  second degree  te rm coe f f i c ien ts  and a i l  c ross  
te rm coe f f i c ien ts  be  equa l  ac ross  a i l  func t ions  (Green,  
1964;  The i I ,  1954) .  
B .  Assuming  tha t  the  var iab le  va lue  res t r i c t ions  a r i s ing  f rom 
the  op t im iza t ion  FOC o f  a  s ing le  dec is ion  maker  separab i l i t y  
and /o r  homothe t i c i t y  may a l low aggregat ion  o f  the  overa l l  
dec is ion  to  a  two (o r  more)  s tage  budget ing  p rocedure .  
1 .  For  dec is ions  about  the  components  o f  each  g roup 
aggregate  to  be  independent  o f  components  o f  o ther  
aggregates ,  i . e . ,  fo r  the  second s tage  o f  the  budget ing  
p rocedure  to  be  cons is ten t ,  weak  separab i l i t y  o f  the  
g roups  i s  requ i red  (Green,  1964) .  
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2.  For  the  overa l l  two  s tage  budget ing  (aggregat ion)  
p rocedure  to  be  cons is ten t  ( i .e . ,  g ive  same resu l t  as  
o r ig ina l  p rob lem and have  the  p roduc t  o f  each  g roup 
p r i ce  and quant i t y  index  equa l  g roup  expend i tu re ) .  
a .  I f  on ly  two aggregates  a re  invo lved  in  the  
dec is ion  func t ion ,  weak  separab i l i t y  be tween the  
two g roups  o f  m ic ro  var iab les  i s  su f f i c ien t  
(Green,  1964) .  
b .  I f  more  than  two aggregates  a re  invo lved  e i ther  
the  overa l l  dec is ion  func t ion  i s  s t rong ly  
separab le  in  a l l  the  mic ro  var iab les  o r  each  g roup 
quant i t y  index  i s  homothe t i c  (B lackorby  e t  a l . ,  
1978) .  
C .  For  aggregat ion  across  f i rms  under  a  l i near  ru le  where  to ta l  
ou tpu t  i s  equa l  to  the  sum o f  ind iv idua l  ou tpu ts  and to ta l  
cos t  i s  equa l  to  the  sum o f  f i rm cos ts .  
1 .  The aggregate  cos t  func t ion  must  be  a  l i near  
t rans fo rmat ion  o f  a  homothe t i c  techno logy  and i f  i t  i s  
to  sa t i s fy  ac tua l  p roper t ies  o f  m ic ro  leve l  cos t  
func t ions  then  the  fo l low ing  (Chambers ,  1988) .  
a )  Produc t ion  func t ions  must  be  l i near  homogeneous .  
b )  Each  f i rm leve l  marg ina l  cos t  must  equa l  aggregate  
marg ina l  cos t .  
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c> Each f i rm leve l  marg ina l  cos t  must  be  independent  
o f  f i rm leve l  ou tpu t .  
d )  Marg ina l  cos ts  must  be  iden t i ca l  ac ross  f i rms .  
e )  Aggregate  marg ina l  cos t  must  be  independent  o f  
aggregate  ou tpu t .  
D .  I f  a  non- l inear  aggregat ion  ru le  across  f i rms  i s  a l lowed fo r  
ou tpu t  then  marg ina l  cos ts  across  f i rms  need no t  be  
iden t i ca l  (Chambers ,  1988) ;  however ,  the  fo l low ing  two 
res t r i c t ions  app ly .  
1 .  Each f i rm leve l  marg ina l  cos t  must  be  cons tan t  and  
equa l  to  aggregate  marg ina l  cos t  mu l t ip l ied  by  the  
appropr ia te  we igh t ing  fac to r  (Chambers ,  1988) .  
2 .  Aggregate  marg ina l  cos t  must  s t i l l  be  cons tan t  and  
independent  o f  ou tpu t  (Chambers ,  1988) .  
E .  I f  non- l inear  aggregat ion  ru les  fo r  bo th  ou tpu t  and  cos ts  
a re  a l lowed then  the  fo l low ing  cond i t ions  a re  needed.  
1 .  Aggregate  marg ina l  cos t  need no t  be  independent  o f  
aggregate  ou tpu t  bu t  aggregate  cos t  must  be  add i t i ve ly  
separab le  in  f i rm leve l  ou tpu ts  (Chambers ,  1988) .  
a )  Marg ina l  cos t  i s  no t  cons tan t  e i ther  fo r  the  
aggregate  o r  ind iv idua l  f i rms  (Chambers ,  1988) .  
b )  nomothe t i c  p roduc t ion  s t ruc tu res  can  be .  
represented  w i thou t  impos ing  cons tan t  re tu rns  to  
sca le  (Chambers ,  1988) .  
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c> F i rms can  have  d i f fe r ing  techno logy ,  even i f  the  
f i xed  o r  cons tan t  cos t  te rm o f  the  angregate  i s  
fo rced  to  zero  fo r  cons is tency  w i th  mic ro  leve l  
cos t  func t ion  p roper t ies ;  however ,  each  f i rm leve l  
p roduc t ion  func t ion  i s  a  t rans fo rm o f  the  same 
l i near ly  homogeneous  p roduc t ion  func t ion  and inpu t  
requ i rement  se ts  a re  s t i l l  requ i red  to  be  para l le l  
ac ross  f i rms  (Chambers ,  1988) .  
F .  For  l i near  programming mode l  aggregat ion  cons is tency  the  
fo l low ing  mat r i x  cond i t ions  a re  requ i red  (Haze l  I  and  Nor ton ,  
1988) .  
1 .  Techno log ica l  homogene i ty  ( iden t i ca l  techno logy  
mat r  i  ces) .  
2 .  Pecun ious  p ropor t iona l i t y  o f  ne t  re tu rns  expec ta t ions  
(ob jec t i ve  func t ions  d i f fe r  on ly  be  a  mu l t ip l i ca t i ve  
cons tan t ) .  
3 .  Ins t i tu t iona l  p ropor t iona l i t y  (RHS vec to rs  d i f fe r  on ly  
by  a  mu l t ip l i ca t i ve  cons tan t ) .  
4 .  S t r i c t  su f f i c iency  requ i res  tha t  the  average o r  
representa t i ve  f i rm i s  the  a r i thmet ic  mean ( the  sum o f  
cons tan ts  fo r  the  RHS vec to r  d i f fe rences  must  be  equa l  
to  one) .  
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G.  For  use  o f  p r i ce  and quant i t y  ind ices  in  we l fa re  ana lys is  i t  
i s  requ i red  fo r  a  " t rue"  cos t  index  tha t  the  p roduc t ion  o r  
u t i l i t y  func t ion  be ing  op t im ized  by  the  dec is ion  maker  be  
homothe t i c  (D iewer t ,  1981) .  
1 .  I f  the  dec is ion  func t ion  i s  no t  homothe t i c  then  fo r  the  
var ious  p r i ce  and quant i t y  ind ices  sugges ted  by  o ther  
au thors  on ly  upper  o r  lower  bounds  o r  d i f fe rences  to  
the  " t rue"  index  can  be  found (D iewer t ,  1981) .  
2 .  I f  func t iona l  fo rms capab le  o f  p rov id ing  second o rder  
approx imat ions  to  a rb i t ra ry  aggregators  can  be  found 
wh ich  a re  homothe t i c  then  the  p r i ce  and quant i t y  
ind ices  w i l l  be  exac t  (D iewer t ,  1981) .  
3 .  In  some cases  exac t  ind ices  can  be  found fo r  
aggregators  wh ich  a re  second o rder  d i f fe ren t ia l  
approx imat ions  to  a rb i t ra ry  tw ice  con t inuous ly  
d i f fe ren t !ab le  l inear  homogeneous  aggregator  func t ions ;  
in  th is  case  the  p roduc t ion  o r  u t i l i t y  func t ions  need 
no t  necessar i l y  be  homothe t i c  (D iewer t ,  1981) .  
H .  I f  na t iona l  compet i t i ve  equ i l ib r ium and reg iona l  o r  f i rm 
leve l  na tu ra l  resource  po l i cy  programming mode ls  sa t i s fy  
cons is ten t  aggregat ion  w i th  l i near  aggregators ,  i . e . ,  
cons tan t  marg ina l  cos t ,  then  behav io ra l  incons is tency  may 
occur  (see  Chapter  IV> .  
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L inear  aggregat ion  ru les  g ive  cons is ten t  resu l ts  bu t  a t  
the  sacr i f i ce  o f  cons is ten t  behav io ra l  ou tcomes.  
a .  Res t r i c t ions  on  a l lowed techno logy  and dec is ion  
ru les  a re  such  tha t  the  aggregate  mode l  
au tomat ica l l y  per fo rms the  same as  the  to ta l  o f  
th ,e  i nd iv idua ls ,  bu t  th is  i s  due to  the  
assumpt ions  o r  requ i rements  o f  homogene i ty .  
b .  Po l i cy  impac t  es t imat ion  under  cons is ten t  l i near  
aggregat ion  ru les  g ive  unusefu l  in fo rmat ion .  
c .  Pro f i t  max imiza t ion  w i th  techno logy  cons is ten t  
w i th  these  ru les  g ives  e i ther  inde te rmina te  
so lu t ions  o r  p roduc t ion  up  to  the  l im i t  imposed by  
ava i lab le  resources .  
Non- l inear  aggregat ion  ru les  a re  d i f f i cu l t  to  
incorpora te  in  na tu ra l  resource  po l i cy  mode ls .  
a .  S imp le  non- l inear  ru les  wh ich  can  be  incorpora ted  
s t i l l  y ie ld  incons is ten t  resu l ts  o r  e lse  requ i re  
the  assumpt ion  o f  unrea l i s t i c  behav io r  on  the  par t  
o f  dec is ion  makers .  
b .  Complex  non- l inear  ru les  requ i re  non- l inear  
p rogramming mode l  spec i f i ca t ions  where  convergence 
to  an  op t ima l  so lu t ion  i s  d i f f i cu l t  o r  e lse  incur  
the  curse  o f  d imens iona l i t y  when l i near ized  in  an  
LP.  
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3.  I f  a r t i f i c ia l  spec ia l i zed  mode l  cons t ra in ing  methods  
a re  used to  en fo rce  p r ima l  mode l  cons is tency  then  dua l  
so lu t ions  w i l l  be  incons is ten t  un less  spec ia l  
i n te rp re ta t ions  can  be  made (see  examples  i n  Chapter  
V ) .  
a .  Incons is ten t  dua l  so lu t ions  resu l t  in  incons is ten t  
resource  marke t  po l i cy  impac ts .  
Conf l i c ts  in  Sat i s fy ing  S t r i c t  Propos i t ions  in  App l ied  Work  
A .  Commodi ty  and  resource  po l i cy  programs a re  l i nked ;  cur ren t  
leve ls  o f  commodi ty  subs id ies  resu l t  i n  pos i t i ve  marg ina l  
p ro f i t s  bu t  p rogram parameters  a re  somewhat  dependent  on  
aggregate  ou tcomes and in te res t  i s  bu i ld ing  fo r  ad jus t ing  
the  parameters  to  ach ieve  a  compet i t i ve  equ i l ib r ium.  
B .  Mode l ing  capac i ty  l im i ta t ions  resu l t  i n  economis ts  us ing  
less  than  idea l  approx imate  ana ly t i ca l  too ls ;  these  too ls  
a re  incons is ten t  f rom a  behav io ra l  and  aggregat ion  
s tandpo in t  and  g iven  the  complex i ty  o f  cu r ren t  po l i cy  
in te rven t ions  p rov ide  incons is ten t  resu l ts  when compared  to  
each  o ther .  
1 .  Cos t  m in im iza t ion  and p ro f i t  max imiza t ion  mode ls  a re  
ab le  to  con ta in  very  de ta i led  resource  and 
techno log ica l  in fo rmat ion  bu t  a re  l im i ted  in  the i r  
ab i l i t y  to  s imu la te  economic  behav io r .  
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a)  Cos t  m in im iza t ion  mode ls  s imu la te  a  long  run  
compet i t i ve  supp ly  equ i l ib r ium fo r  a  g iven  demand 
vec to r  under  the  assumpt ion  o f  non-ex is tence  o f  
government  commodi ty  p r i ce  d is to r t ing  po l i c ies .  
b> P ro f i t  max imiza t ion  mode ls  assume per fec t l y  
e las t i c  p roduc t  demand and  fac to r  supp ly  a t  f i xed  
p r i ces .  
c )  Bo th  cos t  m in im iza t ion  and p ro f i t  max imiza t ion  
mode ls  may g ive  inaccura te  we l fa re  impac t  
es t imates  s ince  demand (p r i ce  o r  quant i t y )  i s  
f i xed  (Tay lo r  e t  a l . ,  1977) .  
d )  Bo th  types  a re  a lso  o f ten  inadver ten t l y  conver ted  
to  na t iona l  p lann ing  o r ien ta t ions  by  the  
impos i t ion  o f  po l i cy  goa ls  in  the  fo rm o f  
cons t ra in ts  (Haze I  I  and Nor ton ,  1986) .  
e )  These mode ls  invo lve  aggregat ion  and so  in t roduce  
incons is tency  g iven  a  he te rogeneous  rea l  wor ld  and 
in t roduce  behav io ra l  incons is tency  by  v i r tue  o f  
on ly  par t ia l l y  s imu la t ing  the  equ i l ib r ium 
determin ing  processes  o f  economy.  
2 .  Marke t  equ i l ib r ium mode ls  ex is t  bu t  in  genera l  invo lve  
a  much h igher  degree  o f  aggregat ion  than  non-
equ i l ib r ium mode ls ;  they  do  g ive  cor rec t  we l fa re  impac t  
186 
est imat ions but  computat ional  capac i ty  requi rements are 
Iarge.  
a)  The c r i ter ion ut i l ized can be e i ther  surp lus 
maximizat ion or  market  rent  min imizat ion but  
in tegrabi I i ty  o f  demand funct ions is  requi red for  
va l id  wel fare in terpretat ions.  
b> Approaches o f  quadrat ic  programming ( l inear  supply  
and demand) ,  LP l inear izat ion of  the surp lus 
terms,  hybr id  econometr ic  market  and LP supply  
model  systems,  and fu l l  non- l inear  programming 
models  are a l l  poss ib le  but  a l l  encounter  the 
curse o f  d imensional i ty  in  model  capac i ty ;  
spec ia l ized funct ional  form rest r ic t ions are 
genera l ly  requi red to  guarantee g lobal  opt imal i ty  
in  the so lu t ion process.  
c> These models  invo lve even h igher  leve ls  o f  
aggregat ion and there is  no guarantee that  the 
macro- leve l  behavior  w i l l  be cons is tent  wi th  the 
to ta l  o f  the micro un i t  behavior  be ing aggregated.  
3 .  Resource d i rect ive,  pr ice d i rect ive and d iscrete 
a l ternat ive programming decomposable methods a l low a 
larger  more ideal  model  to  be d iv ided in to  manageable 
par ts ,  each o f  which can be so lved separate ly .  
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a)  Separabi l i ty  between components  o f  the large model  
i s  requi red.  
b> Specia l ized funct ional  form rest r ic t ions are 
needed to  guarantee i terat ive convergence to  an 
equ i I ib r ium.  
4.  Use o f  a  system of  farm models  w i th  numerous pr ice 
parametr ic  so lu t ions to  generate data for  use in  
econometr ic  supply  and demand est imat ions can be used 
but  a  very  large manpower requi rement .  
a)  S ince obv ious ly ,  not  every  farm in  the sector  can 
be modeled exp l ic i t ly ,  the choice o f  average or  
representat ive farms invo lves aggregat ion er ror .  
b)  The large amount  o f  model  so lv ing and ca l ibrat ion 
work invo lved in  the parametr ic  so lu t ion space 
generat ion is  very  spec i f ic  to  the set  o f  pr ice 
and po l icy  parameters  and l ike ly  wi l l  need 
repeat ing for  each new po l icy  appl icat ion.  
5 .  Other  approaches such as non- l inear  econometr ica l  I  y 
est imated programming and endogenous technology 
coef f ic ients  wi th in  a s tab le  bas is  invo lve even h igher  
leve ls  of  aggregat ion than the other  models  c i ted above 
and are a lso l imi ted in  the i r  ab i l i ty  to  s imulate 
complex po l icy  l inkages.  
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Model ing capaci ty  and ab i l i ty  l imi ta t ions have genera l ly  
been such that  economists  have been sat is f ied to  compare 
severa l  "good"  po l icy  parameters  ra ther  than opt imize and 
search for  the "best"  parameters .  
1 .  No measures can usual ly  be g iven of  how far  the chosen 
good opt ions dev ia te  f rom the best  opt ion;  hence,  the 
rank ing of  modeled good a l ternat ives may even be wrong.  
2 .  Mathemat ica l  d i f f icu l t ies  are encountered when 
endogenous po l icy  parameters  are opt imized 
s imul taneously  wi th  dec is ion maker  behavior  s ince a 
t radeof f  programming prob lem resu l ts .  
Empir ica l  cons iderat ions l imi t  what  can be done even i f  
theoret ica l  propos i t ions can be sat is f ied in  model  
spec i  f  i  cat  i  on.  
1 .  Data ava i lab i l i ty  by d i f fer ing spat ia l  and tempora l  
sca le  requi re  weighted averaging schemes for  
coef f ic ient  development .  
2 .  Real  wor ld  mul t i -product  externa l i t ies  such as crops 
be ing grown in  ro ta t ion,  f ixed factors  be ing used for  
d i f ferent  products  a t  d i f ferent  t imes,  e tc . ,  l imi t  the 
c lear  behaviora l  correspondences which can normal ly  be 
der ived between d i f ferent  models .  
189 
3.  Capi ta l  cons iderat ions l imi t ing shor t run f lex ib i l i ty  of  
choice such as r isk ,  serv ic ing of  outs tanding debt ,  
e tc .  a lso impose l imi ts  on the in terpretat ions 
avai lab le  f rom model  so lu t ions when these factors  are 
captured by means o f  ar t i f ic ia l  const ra in ts .  
4 .  Assuming non-homothet ic i ty  and us ing endogenous weights  
would improve analy t ica l  resu l ts ;  however ,  i f  one had 
suf f ic ient  data and model  spec i f icat ion for  endogenous 
weights ,  one would a l ready know what  the po l icy  
est imat ion outcomes would be.  
In terpret ive Guide l ines for  Const ra in ing Procedures 
A.  Aggregat ion cons is tency theorems are ava i lab le  and can serve 
as usefu l  gu ide l ines for  const ruct ing aggregate models  and for  
the type of  qual i f ie rs  which need to  be a t tached to  aggregate 
resu l ts  and to  the corresponding wel fare impact  est imates.  
1 .  Even though theorems for  cons is tent  aggregat ion are 
ava i lab le ,  sat is fact ion of  the i r  requi rements may not  make 
sense in  empir ica l  economic analys is ;  the requi red 
rest r ic t ions on technology and preferences are genera l ly  not  
be l ievable in  an empir ica l  sense.  
2 .  For  po l icy  analys is ,  sat is fact ion of  the s t r ingent  
cons is tency theorems impl ies an absence o f  d i f ferent ia l  
impacts  across and wi th in  groups o f  agents  and/or  reg ions 
and so analys is  is  not  so usefu l .  
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3.  Since the sat is fact ion of  the theorems are not  so 
be l ievable in  an emper ica l  sense,  fa i lure to  sat is fy  s t r ic t  
cons is tency wi th  chosen model ing s t ructures should not  be 
cons idered so ser ious.  
4 .  The theorems do prov ide usefu l  gu ide l ines on the 
impl icat ions of  choosing among a l ternat ive Iess- than-st r ic t  
procedures when empir ica l  models  are be ing const ructed.  
B.  The use o f  systems o f  models  where the lower  d imension models  
are components  o f  the h igher  d imension model  can be jus t i f ied for  
severa l  a l ternat ive scenar ios o f  model  s t ructure and cons is tency.  
Th is  is  impor tant  in  empir ica l  nat ional / reg ional  and/or  
aggregate/ f i rm leve l  model ing systems for  po l icy  analys is .  
1 .  Suppose that  e i ther  cons is tent  non- l inear  aggregat ion 
forms are used or  that  the issue of  aggregat ion cons is tency 
is  over looked such that  wi th  the chosen models  the f i rs t  and 
second order  condi t ions for  opt imizat ion are sat is f ied.  In  
th is  case in termodel  pr ic ing correspondences can be so lved 
for  so that  the lower  d imension models  g ive the same pr imal  
and dual  so lu t ion resu l ts  for  that  ent i ty  and leve l  o f  
aggregat ion as are g iven by the h igher  d imension model .  
2 .  I f  the chosen models  invo lve l inear i ty  or  are 
abst ract ions of  rea l i ty  to  such an extent  that  ar t i f ic ia l  
const ra in ing methods are requi red to  condi t ion the pr imal  
so lu t ions of  the models  in  the system, in format ion f rom the 
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corresponding dual  so lu t ions can be used to  ad just  both the 
const ra in t  leve ls  and the pr ic ing ru les incorporated in  the 
ob ject ive funct ions such that  cons is tent  so lu t ions (and 
po l icy  impacts)  can be est imated.  
3 .  In  cases where model  s t ructure is  suf f ic ient ly  complex 
that  analy t ica l  so lu t ions are d i f f icu l t  to  obta in  and 
in terpret  some gu ide l ines for  in termode I  correspondences can 
be obta ined f rom s impler  models .  Synthet ic  models  o f  a  
s impler  nature could be const ructed and so lved wi th  numer ic  
procedures to  compare the e f fects  of  a l ternat ive model  
s t ructures when analy t ica l  resu l ts  are d i f f icu l t  to  obta in .  
4 .  These resu l ts  imply  that  reg ional  models  can be used for  
natura l  resource po l icy  analys is  in  the Uni ted States in  a 
manner  such that  the i r  so lu t ions wi l l  be cons is tent  wi th  
nat ional  analys is  (which may not  be per formed) .  Th is  means 
that  models  can be ta i lored to  reg ional ly  spec i f ic  issues 
whi le  in ter reg ional  externa l i ty  issues are accounted for  and 
that  overa l l  analys is  w i l l  be more e f f ic ient .  
C.  Dual  so lu t ion in format ion and in termodel  correspondences can 
be used to  improve the resource market  impact  est imat ions 
coming f rom models  developed independent ly  but  used for  
analys is  o f  a  common po l icy  prob lem. 
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1.  When a r t i f ic ia l  model  s t ructure in  the form of  
const ra in ts  must  be used to  achieve pr imal  so lu t ion 
cons is tency the s implest  poss ib le  set  o f  const ra in ts  
for  achiev ing th is  outcome ought  to  be used so as to  
more fu l ly  enable in terpretat ion of  resource market  
impl icat ions v ia  dual  so lu t ion analys is .  
a .  Wi th  s imple const ra in ing methods shadow pr ices on 
const ra in ts  can be conver ted to  readi ly  
understandable un i ts  such as " impl ied commodi ty  
subs id !es" .  
b .  Each non-zero RHS b ind ing const ra in t  w i l l  have a 
rent  share a t t r ibuted to  i t ;  reduc ing the number  
o f  these const ra in ts  resu l ts  in  a more correct  
imputed rent  for  the rea l  resources spec i f ied in  
the model  and in  eas ier  in terpretat ion of  the 
rents  o f  the remain ing ar t i f ic ia l  const ra in ts  in  
terms of  resource market  impl icat ions.  
c .  Const ra in ts  wi th  zero RHS which are b ind ing 
rece ive no rent  share but  great ly  d is tor t  the rent  
shares o f  the rea l  resources as shown by the 
appl ied example o f  the prev ious chapter .  
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d.  When a r t i f ic ia l  const ra in ts  are incorporated in  
the model  s t ructure the i r  impacts  in  both the 
basel ine and po l icy  scenar io  pr imal  and dual  
so lu t ions must  be carefu l ly  examined.  
i .  When these const ra in ts  were b ind ing in  both 
the basel ine and scenar io  so lu t ions i t  is  
incorrect  to  a t t r ibute zero impacts  to  the 
po l icy  imposi  t  i  on.  
i i .  The more complex the nature o f  the 
const ra in ing s t ructure the more d i f f icu l t  i t  
is  to  examine these cons iderat ions.  
e .  Character is t ics  o f  the dual  so lu t ion should be 
examined to  see i f  they are typ ica l  o f  an 
equi l ibr ium s i tuat ion;  i f  pressures for  fur ther  
pr imal  so lu t ion adjustment  are mani fest  in  the 
dual  so lu t ion e i ther  the model  should be 
respec i f ied and so lved or  the resource market  
impacts  ad justed for  the impl ied economic 
incent ives shown in  the dual .  
2 .  Some authors  have suggested more complex mul t i -c rop or  
whole farm s t ructure for  the act iv i t ies  in  aggregate 
sector  models  ( for  example,  McCar l ,  1982) ;  the resu l ts  
o f  th is  s tudy ind icate that  such s t ructure wi l l  resu l t  
in  un in terpretab1e dual  so lu t ion va lues which i f  
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ignored in  the resource market  impact  est imat ions 
resu l t  in  b iased wel fare est imates.  
3 .  To the extent  poss ib le  any model  which represents  on ly  
a por t ion of  an overa l l  economy or  sector  should be 
va l idated v ia  behaviora l  l inks to  a model  o f  broader  
scope and v ice versa.  
a .  Such a va l idat ion may be ach ievable wi thout  
impact ing the pr imal  so lu t ions prevai l ing in  the 
absence o f  va l idat ion but  w i l l  enhance great ly  the 
resource use and va lue impact  in terpretat ions 
poss ib le  wi th  the model .  
4 .  Measures o f  the d i f ferences in  ef fect iveness of  
a l ternat ive in termode I  correspondences should be 
eva luated and re f ined;  current ly  accepted measures 
ex is t  for  pr imal  so lu t ion var iab les but  are lack ing for  
" impl ied subs idy ra tes" ,  e tc . ,  assoc ia ted wi th  the dual  
so lu t ion in terpretat ion.  
Suggest ions for  Fur ther  Work 
The empir ica l  appl icat ion of  th is  s tudy ind icated severa l  
areas where fur ther  work would be usefu l .  F i rs t ,  d i f f icu l ty  was 
encountered in  compar ing and judging which a l ternat ive model  
s t ructure gave the "best"  dual  so lu t ion.  The dual  so lu t ions were 
d i f ferent  but  judgement  o f  which was bet ter  would seem to  requi re  
compar ison to  empir ica l  rent  and/or  re turns data for  a ca l ibrated 
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basel ine scenar io .  Second,  compar ison o f  economic product ion 
incent ives pat terns of  two a l ternat ive reg ional  models  to  that  o f  
the nat ional  model  requi res choice o f  a s ta t is t ica l  measure and 
i t  is  not  c lear  what  that  choice should be.  Th i rd ,  the best  
chance for  improv ing choice o f  a l ternat ive const ra in ing 
procedures seems to  be the use o f  smal ler  sy thet ic  models  in  
which numerous so lu t ions can be obta ined in  a Monte-Car lo  
fash i  on.  
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